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STUDIES OF SEWAGE PURIFICATION 


X. CHANGES IN CHARACTERISTICS OF ACTIVATED SLUDGE 
INDUCED BY VARIATIONS IN APPLIED LOAD 


By C. C. Rucuuort anp R. S. Smite 


Principal Chemist and Associate Sanitary Engineer, U. S. Public Health Service, 
Stream Pollution Investigations, Cincinnati, Ohio 


In a number of earlier papers, by this laboratory and others (1, 2, 3), 
studies of oxidation characteristics of activated sludge have been re- 
ported. It was found that the activated sludge alone was oxidized at a 
rather uniform rate. As soon as sewage was added the rate of oxygen 
utilization was increased, because of the oxidation of the nutrients in 
the sewage, by the tremendous bacterial population in the sludge. It 
was shown (4, 5) that the oxygen requirement of the sludge alone and 
its eapacity for increased oxidation when given food were important 
characteristics of activated sludge. A later paper (6) presents the 
results of a study in which the rate of total purification of sewage and 
its rate of oxidation were observed simultaneously. The proportion of 
the total purification that was accounted for by oxidation was deter- 
mined. The difference between the quantities of the total carbonaceous 
Biochemical Oxygen Demand (L value) of the substrate that is oxidized 
and that is removed by activated sludge was referred to as the net ad- 
sorption and synthesis. 

In this paper are presented the results of experiments in which a 
small activated sludge plant was operated with varying loads to de- 
termine, for purposes of plant control, the value of such criteria of 
sludge condition as rates of total purification and of oxidation. These 
data supplement our previous conclusions concerning the importance of 
the quantity of oxygen required and the capacity of sludge to oxidize 
substrate, as indices of sludge condition. 


EixPpERIMENTAL 


In the first test the sewage load was increased periodically on a small 
experimental activated sludge plant by the procedure of systematically 
diminishing the aeration time. The plant was first stabilized by opera- 
tion on a 12-hour fill-and-draw aeration period, and was then changed 
to a continuous flow basis with the aeration time periodically reduced at 
successive intervals to 7.9, 5.8, 4.5, 3.2 and 2.3 hours. The length of 
operation on each aeration interval is indicated in Fig. 1. After 42 
days of operation a breakdown in the sewage flow occurred requiring 
the termination of the experiment. 
409 
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During the experimental period, data of plant operation were col- 
lected daily. The analyses made included suspended solids and 5-day 
Biochemical Oxygen Demand (B.0.D.) of the influent sewage; tempera- 
ture, hydrogen ion concentration (pH), settleable solids and suspended 
solids of the aeration tank mixed liquor; per cent ash of the sludge and 
5-day B.O.D. of the effluent. From these analyses, the sludge index, the 
plant load and the percentage reduction of the 5-day B.O.D. by the treat- 
ment plant were calculated. The plant load is expressed as pounds of 
5-day B.O.D. per day introduced by the sewage per pound of suspended 
solids in the aeration tank * mixed liquor. 

In these experiments the plant load was computed by the formula 


5-day B.O.D. (p.p.m.) < sewage flow (liters) in 24 hours 
Plant load = --—7;: a ead irae meted 
Mixed liquor suspended solids (p.p.m.) 
< capacity of aeration tank (liters) 


For example, for this experimental plant with an aeration tank 
capacity of 205 liters, on December 4, 1936, the sewage flow was 1,217 
liters in 24 hours with a 5-day B.O.D. of 212 p.p.m. and the aeration tank 
mixed liquor suspended solids averaged 2,568 p.p.m. Therefore, the 
plant load = 

212 X 1,217 


5 - ee -” — ‘ O90 
2,068 X 205 


All of the above operation data are presented in Table I and are 
plotted in Figs. 1 and 2. Figure 1 shows that there was very little 
change in the pH of the sewage or of the aeration mixture during this 
period. The temperature of the aeration mixture slowly decreased 
during the experiment from between 10 to 12° C. at the beginning to 
between 6 to 8° C. at the end. The suspended solids in the aeration 
mixture were maintained at between 2,100 and about 2,700 p.p.m. 
throughout the experimental run. 

The percentage by weight of ash in the sludge decreased from 
around 30 per cent at the start of the experiment until a minimum value 
of about 18.5 per cent was reached on the twenty-sixth day after the 
plant had been operating on a 3.2 hour period for several days. From 
this point on the ash content fluctuated considerably, and the minimum 
value of 16.3 per cent for the entire experiment was obtained on the 
forty-first day. 

At the beginning of the experiment the settling quality of the sludge 
was poor, but it improved slowly until the sludge index reached 19.3 at 
the same time that the minimum value of 18.5 per cent ash was obtained. 
These results are contrary to the general rule that the sludge index 
(calculated as the ratio of suspended solids in p.p.m. to the volume in 
ml. to which one liter of sludge settles in 30 minutes) is directly pro- 

* It was realized that the solids in the entire system should be included in load calculations. 
However, measurements indicated that the quantities of suspended solids in the final settling 


tank were a minor factor (less than 5 per cent); consequently, for simplicity, aeration tank 
solids only were used in these load computations. 
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Tas_eE I.—Plant Operation Data—Experiment 1 










































































| Influent Sewage L Activated Sludge Aeration Mixture | Bae 
Plant Plant Loading Cenk 
Date: | ‘ | s Sus- | | |: Settle able| Sus- | Per | ey i Reduc- 
1936 | 5-da % - : mes Qa, : tion in 
pH | BOD et "EP wit] Simin: | Rote | Aina] Indes | BOLD] “Aer: Mixture’ | eS 
P.P.M.| L B.O.D. 
te | gt | a | ¢ ./liter gcih folie M. acne B | 

Nov. 6] 7.6] 133 | 88 | 10.3 E 7.3) 560 | 2284 | 28.7 | 4.1 | 7.2 140 94.6 
7) 7.4) 83 | 82 | 12.3 / 7.2) 705 | 2408 31.5| 3.4] 4.0 083 95.2 
8} 7.4] 83 | 82 | 12.0| 7.2| 765 | 2408 | 31.5| 3.2] 4.0 083 95.2 
9| 7.5} 190 | 160 | ~— 758 | 2216/ 28.0| 2.9] 7.5 | .206 96.0 
10) 7.3] 114 | 94 | 12.2 | 7.0) 786 | 2696| 29.4] 3.4] 5.8 139 94.9 
11 7.7] 225 | 121 | 11.5]7.1) 758 | 2166 | 27.6] 2.9] 7.9 340 96.5 
12| 7.4] 152 | 120 | 12.5] 7.0] 670 | 2232 | 22.9] 3.3) 10.3 .223 93.2 
3) 7.3] 165 | 106 | 12.5] 7.0) 503 | 2184] 23.6] 4.3 | 17.0*| .247 87.9t 
14) 7.3] 141 | 100 | 12.0} 7.1) 608 | 2472) 25.9) 4.1) 3.1 | 187 97.8 
15| 7.3} 141 | 100 | 11.0] 7.1) 573° | 2472] 25.9] 4.3] 3.1] 187 97.8 
16| 7.3) 149 | 120 | 10.3] 7.0} 477 | 2464 | 26.1 | 5.2| 10.2 198 93.1 
17| 7.4) 155 | 119 | 11.0) 7.0) 303 | 2112 | 23.5] 7.0] 48 | 318 96.9 
18} 7.4) 183 | 108 | 12.2/ 7.1) 200 | 2136 | 21.0] 10.6| 6.7 | .282 96.3 
19] 7.5) 256 | 108 | 9.0] 7.2) 245 | 2412} 21.4] 98] 17.14 348 92.21 
20) 7.4) 174 | 118 | 11.3) 7.1) 273 | 2688 | 22.6] 9.9] 4.4 | .276 91.3 
21) 7.5] 268 | 104 | 11.3) 7.1) 247 | 2640 | 20.3 | 10.7] 6.9 440 97.4 
22| 7.4] 268 | 104 | 10.3] 7.0] 220 | 2640 | 20.3 | 12.0] 6.9 440 97.4 
23| 7.5] — | 167 | 9.5] 7.1] 217 | 2552} 21.7] 118] — _ — 
24] 7.6] 134 | 140 | 9.2} 7.1) 193 | 2544 | 21.5 | 13.2] 14.2 .228 89.4 
25] 8.2) 185 | 134 | 8.8] 7.2) 162 | 2216 | 21.3] 13.7] 2.7 362 98.5 
26| 7.8] 185 | 134 | 8.0] 7.2) 158 | 2216 | 21.3] 14.0] 2.7 362 98.5 
27| 7.8} 160 | 124 | 7.0] 7.2) 155 | 2344] 21.2] 15.1] 84 .296 94.7 
28] 7.7| 145 | 122 | 7.3/7.2) 147 | 2240 | 21.8 | 15.2 | 4.5 .280 96.9 
29 7.6, 145 | 122 | 8.0] 7.0] 143 | 2240 | 21.8 | 15.7 | 45 .280 96.9 
30| 7.5] 179 | 138 | 8.0] 7.1) 133 | 2240 | 21.1] 16.8] 14.3 473 92.0 
Dec. 1 7.6] 190 | 120 | 7.2] 7.1] 128 | 2432 | 22.4] 19.0} 10.5 463 94.5 
2|7.5| 77 | 100 | 7.5|6.9} 127 | 2452] 18.5] 19.3] 7.7 186 90.0 
3) 8.0; 169 | 100 | 8.7 | 7.1] 130 | 2388 | 20.9] 18.4] 7.5 419 95.6 
4| 7.9} 212 | 136 | 9.0/7.1) 143 | 2568] 19.0] 18.0] 8.7 .490 95.9 
5] 7.7] 119 | 92 | 7.0] 7.1) 163 | 2536 | 20.7 | 15.5) 6.3 | 278 94.7 
6) 7.6) 119 | 92 | 85|6.9) 163 | 2536 | 20.7) 15.5] 6.3 | .278 94.7 
7| 8.0] 237 | 106 | 7.7| 7.1] 163 | 2632 | 24.9 | 16.1 | 10.1 | 535 95.7 
s/7.9| 174 | 72 | 7.5} 7.1) 187 | 2236 | 25.2] 11.9| 10.5 463 94.0 
9| 7.8} 139 | 73 | 7.8| 7.1] 203 | 2364 | 22.7] 11.7] 9.4 — 93.2 
10} 7.9} 192 | 94 | 10.0| 7.0} 180 | 2176 | 24.1 | 12.1 | 11.0 523 94.3 
11) 7.8] 185 | 96 | 7.7] 7.1) 220 | 2268 | 20.9} 10.3 | 12.4 .684 93.3 
12) 7.7} 340 | 84 | 6.7/7.1) 220 | 2012] 23.7) 9.2) 61] 1.420 98.4 
13) v7 340 | 84 | 6.5] 7.1] 228 | 2012] 23.7] 88] 61] 1.420 98.4 
14) 7.8] 294 | 118 | 7.7] 7.1]. 247 | 2056] 19.5] 8.3] 15.9* 598 93.2t 
15| 7.6 133 | 137 | 8.3] 7.0] 287 | 2360 | 22.7] 82] 13.8 AT5 89.6 
16} 7.9] 218 | 113 | 7.5] 7.2} 253 | 1960] 18.6] 7.8| 10.4 .934 95.2 
17| 7.7} 259 | 115 | 7.5] 7.3) 263 | 2084] 16.3] 7.9] 16.4* 1.040 92.7+ 
18| 7.7] 152 | 108 | 7.2] 7.3] 285 | 2232 | 20.6| 7.81] 15.3 572 90.0 








* D.O. depleted after incubation in these 


samples consequently the B.O.D. values are low. 


} These results are too high because effluent B.O.D. values are low. 


portional to the percentage of ash in the sludge. As in this experiment 
an inverse relationship existed during the first 26 days, special condi- 


tions must have upset the general 


relationship between the percentage 
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Fie. 1.—Plant operation data. 


of ash in sludge and the sludge index. 
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been noted before at this station. 


Aeration period and aeration tank mixed liquor characteristics. 


his unusual phenomenon has 


Figure 2 shows that the suspended solids content of the sewage in- 


fluent varied from about 85 to 165 p.p.m. during the experiment; also 
that the 5-day B.O.D. of this sewage fluctuated considerably from a 


minimum value of about 77 p.p.m. to a maximum of 340 p.p.m. The 
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Fig. 2.—Plant operation data. Sewage strength, purification and plant loading. 


plant loading, caleulated in pounds of 5-day B.O.D. per pound of sus- 
pended solids in the aeration mixture, has been plotted in Fig. 2, which 
clearly shows the trend of increasing load during this experiment. The 
percentage of 5-day B.O.D. reduction obtained on the sewage passing 
through the plant varied between 88 and 98.5, but there was no regular 
decrease corresponding with increases in plant loading. 
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An examination of these operating data does not reveal the point 
at which overloading began. On the basis of sludge index it may ap- 
pear that for a time the increased loading benefited the sludge. None 
of these common indices, however, gives any indication as to when the 
sludge reached an optimum biochemical condition from the standpoint 
of sewage purification or shows when the sludge was definitely over- 


loaded. 


TaBLE II.—Results of Substrate B.O.D. Removal Tests of Plant Sludge on Domestic Sewage 


Experiment 1 


Days after Start of | | | | | | 
Experiment.....| 0 | 3 | 7 | 10 | 14 
y - | f 

















Dilution Method 5-day B.O.D. of Substrates (P.P.M.) 














Old Supernatant. .| 6.2 | 15.5 | 17.6 | 13.3 | 29.3| 18.7| 16.3| 21.2| 12.6] 16.6| 32.7 | 24.2 

Sewage Feed... . .|202.0 |189.0 |249.0 |234.0 |224.0 {213.0 |2 129.0 220.0 |256.0 |222.0 |316.0 |104.0 

Initial Supernatant} | | | ia 
Substrate*..... .123.7 |119.6 |156.4 [145.7 |146.1 1135.3 |143.9 {140.5 |158.6 |139.8 |202.7 | 7 








Supernatant Substrate After: 

















1} hrs. aeration. ..| 25.3 | 24.9] 17.8 19.6 | | 21.6 | 33.7 | 22.3 | 31.7 | 34.7 | 35.3 | 48.7 | 28.7 
3 hrs. aeration. ...| 17.2| 16.0] 13.5 | 13.4| 15.8] 19.4] 14.0| 19.2| 25.4] 37.8 | 21.7 | 22.7 
5 hrs. aeration....| 12.4| 10.7] 11.3] 9.9| 17.3] 19.0| 15.4| 21.2] 24.1| 25.7| 27.5] 19.2 











Dilution Method 20-day B.O.D. of Substrates (P.P.M.) 





Old Supernatant. .| 13.0 | 24.1 | 47.9 | 26.9 | 44.6 | 43.4 | 56.1] 61.1 | 68.8 | 67.3 | 83.2 | 85.5 











Sewage Feed...... 1365.0 1524.0 | 1455.0 | on 0 (455. 0 /426. 0 |549.0 |457.0 |666.0 |656.0 |756. 0| 353.0 
Initial Supernatant| 1 Le 
Substrate*..... .|224.2 |324.0 |292.2 243 3. 6 |290.8 3.0 |351.8 |298.6 |427.1 |420.5 |486. 9 1246.0 








Supernatant Substrate After: 

















14 hrs. aeration. . .|126.6 {114.1 {116.8 | 74.6 |101.5 |141.9 [138.4 |159.9 |: 1227.2 |231.2 |292.0 |149.1 
3 hrs. aeration. .../112.2 | 88.7 | 75.2] 74.9| 68.7] 75.3 {116.0 |128.7 |185.0 1177.0 | /190.0 |150.2 
5 hrs. aeration. ...| 73.5 | 81.2| 41.5] 19.5 | 30.6] 62.0] 62.2] 92.8| 82.6 167.7 1166.2 1157.2 











Percentage Reduction of 20-day B.O.D. Substrate 





After 14 hrs. ] > oe | | | 





aeration.......| 43.5 | 64.8| 60.0| 69.4 | 65.1 | 48.0 | 60.7 | 46.5 | 46.8 | 45.0 | 40.0 | 39.4 
3 hrs. aeration. . . = 50.0 | 72.6] 74.3| 69.3| 76.4| 72.4| 67.0| 56.9| 56.7 | 57.9| 61. 0} 38.9 
5 hrs. aeration. ...| 67.: | ‘74.9 | 85.8 | 92.0 | 89.5 | 77.3 | 82.3 | 68.9 | 80.7 | 60.1 | 65.9 | 36.1 











* Each value represents the quantity of oxygen required by .6 liter of sewage plus .4 liter of 
old supernatant. 


An evaluation of the changes taking place in the biochemical quality 
of the sludge during this loading experiment was attempted by means 
of the sludge and substrate-feed mixture oxidation tests and 20-day 
substrate B.O.D. removal test. Hight liter samples of sludge were 
taken from the plant periodically for this purpose and the tests were 
made as described (5, 6) previously. ‘Twelve series of these tests were 
run upon sludge removed from the plant during this experiment. 
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The substrate B.O.D. removal tests were made by adding the sewage 
feed to the settled solids from a 6 liter sample of the aeration mixture 
from the tank. The sewage and the sludge were brought to 20° C. and, 
after mixing, were aerated at this temperature in the laboratory for five 


hours. 


The 5-day and 20-day B.O.D. were determined on the old super- 


natant removed when the aeration mixture was taken and on the sewage 


TaBLeE III.—Resulis of Oxidation Tests with Plant Sludge on Domestic Sewage 


Experiment 1 












































































































































Days after Start | | | | | 
of Experiment..| 0 | 3 | 7 | 10 | 14 17 | 20 23 27 | 31 34 38 
Test No......... | bi aia|] @16)] 617] 8] @ [212] 2 
aa | et be ee 
Suspended Solids | | | 
in Sludge, | 
ht), ae 2372 | 2460 | 2252 | 2576 | 2596 | 2336 | 2360 | 2140 | 2392 | 2444 | 2080 | 3364 
Megms. Oxygen Used by Control Mixture (B) 
1} hrs. aeration. ..| 15.0 18.6 | 27.4 | 21.0 | 35.0 | 23.2] 29.2| 27.5] 51.6| 37.8] 38.5] 55.0 
3 hrs. aeration... .| 27.1 32.4 | 50.2 | 42.2 | 62.1 | 40.1 | 57.5 | 59.8 |101.2 | 75.5 | 71.5 | 117.8 
5 hrs. aeration... .| 36.6 | 48.4 | 78.9 | 50.8 |100.7 | 68.7 | 98.4 | 98.8 |150.2 |105.9 |109.9 | 165.0 
Mgms. Oxygen Used by Food Aeration Mixture (A) 
1} hrs. aeration...| — | 51.1 | 56.6] 62.8 | 57.4| 47.5| 57.1| 59.5| 70.5 | 47.8| 69.5] 64.9 
3 hrs. aeration... .| 75.5 | 83.2 | 98.7 98.0 | 94.8 | 87.0 {100.7 |103.0 {133.7 | 92.3 |115.8 | 118.6 
5 hrs. aeration... | 89.1 [116.9 |136.2 {143.4 1141.4 131.0 {165.9 |156.6 |203.9 |133.8 |158.3 | 156.5 
C = Mgms. Oxygen Used to Oxidize Substrate Feed (A-B) 
1} hrs. aeration. . 1 32.5 | 29.2| 41.8 | 22.4] 24.3 27.9| 32.0| 18.9 10.0] 31.0 9.9 
3 hrs. aeration... .| 48.4} 50.8} 48.5 | 55.8 | 32.7 | 46.9 | 438.2 | 43.2] 32.5] 16.8] 44.3 0.8 
5 hrs. aeration... | 52.5 | 68.5 | 57.3 | 92.6 | 40.7 | 62.3 | 67.5 | 57.8 | 53.7 | 27.9 | 48.4 | —8.5 
D = Percentage of 20-day Substrate Feed B.O.D. Oxidized* 
1} hrs. aeration...| — | 10.3] 10.7| 18.0] 82] 95] 85|11.7| 4.7] 25] 68| 47 
3 hrs. aeration... .| 22.1 | 16.2} 17.8 | 24.0] 12.0] 18.38} 138.1] 15.8 8.1 4.3] 9.8 0.38 
5 hrs. aeration... .| 24.0] 21.8 | 21.0 | 39.8] 14.9] 24.4] 20.5] 21. 13.4 7.1] 10.7] — 1.0 
E = Mgms. Oxygen Per Gram Suspended Solids in Control Mixture 
13 hrs. aeration...| 6.3] 7.6 | 12.2} 82) 13.5] 9.9] 12.4] 12.9] 21.6] 15.5] 18.5] 16.3 
3 hrs. aeration... .| 11.4] 13.2] 22.3] 16.4] 23.9] 17.2 | 24.4| 27.9] 42.3] 30.9] 34.4] 35.0 
5 hrs. aeration... .| 15.4 | 19.7 | 35.0 | 19.7 | 38.8 | 29.4 | 41.7 | 46.2 | 62.8 | 43.3 | 52.8 49.0 : 





























* This is obtained by dividing the C values by 0.6 of the 20-day sewage food values in p.p.m. 


as given on Table II and multiplying by 100. 


feed added. 


(There were 600 ml. of sewage used as feed.) 


These values for all tests are given in Table II. The 
initial B.O.D. of the mixed substrate was calculated from the B.O.D. of 
the old supernatant and that of the sewage added as given in Table II. 
After one and one-half, three and five hours, supernatant was removed 
from the aeration mixture in the test bottle and the 5-day and 20-day 
B.0.D. determined. From the values of B.O.D. remaining in the super- 


natant after these aeration periods and the initial B.O.D. of the sub- 
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strate, the percentage of the 20-day substrate B.O.D. that was removed 
was calculated and is also given in Table IT. 

The substrate B.O.D. removal performance of the sludge obtained 
during these tests is shown in a series of curves in Fig. 3. During the 
first four tests, representing the first 10-day operation period, the 5-day 
substrate B.O.D. removal test showed no change in the sludge. The 
next four tests showed a slightly lowered efficiency in the 5-day sub- 
strate removal performance. In the last four tests the five day sub- 
strate B.O.D. removal capacity of the sludge became further impaired. 
However, at no time during these tests was a striking change indicated 
in the 5-day B.O.D. removal performance of the sludge in spite of in- 
creasing loads put on the plant. This probably may be interpreted as 
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Fie. 6.—Oxygen requirement per gram of suspended solids in the control sludge. 


indicating that the 5-day B.O.D. removal test on sludge is a rather poor 
and insensitive indicator of the biochemical condition of the sludge. 

An examination of the results obtained in the 20-day substrate 
B.O.D removal tests, which are also plotted in Fig. 3, indicates that this 
test is a better indicator of change in sludge condition than the 5-day 
B.O.D. removal test. However, because of the long incubation time 
required, it has no practical value in plant operation. 

The data for the oxidation tests performed during this experiment 
are given in Table III. The data for the oxygen required for the sludge 
control and for the sludge plus feed mixture are plotted in Fig. 4. 
These curves show that the oxygen requirement and the rate of oxygen 
utilization of the control sludge during the first 3-hour aeration period 
increased tremendously as this experiment progressed. While there 
was some increase in the rate of oxygen utilization of the sludge-feed 
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mixture in the tests until the twenty-seventh day of the experiment, this 
did not keep up with the increasing rate in the control sludge. Con- 
sequently, the difference in the quantities of oxygen utilized by these 
systems, which difference represents substantially the oxidation of the 
substrate, declined after the tenth day of the experiment. This will be 
observed in Fig. 5 where the oxygen results obtained, as described for 
substrate oxidation, are plotted. An examination of Figs. 4 and 5 in- 
dicates that the biochemical qualities of the sludge were not injured 
and may have been benefited somewhat by increased load until the tenth 
day of the experiment. A decided decrease in the substrate oxidation 
capacity is indicated by the fifth test on the fourteenth day and, al- 
though some recovery is indicated in the following two tests, there was, 
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Fic. 7.—Percentage of 20-day B.O.D. of sewage feed oxidized by activated sludge. 


with one exception, a consistent decrease in the oxidation capacity of 
the sludge thereafter. On the final test, the sludge control required as 
much oxygen during the 3 and 5-hour aeration period as the sludge feed 
mixture, a condition which indicated a badly overloaded sludge. 

Figure 6 shows the oxygen requirement per gram of control sludge 
during this experiment. This parameter shows that there was a gen- 
eral increase in the oxygen requirement per gram of control sludge 
during the one and one-half and three hour aeration periods after the 
tenth day of the experiment. On the basis of these data it may be 
concluded that if the control sludge oxygen requirement per gram 
exceeds about 12 mgm. in one and one-half hours or 25 mgm. in three 
hours, the danger point for the continued successful operation of the 
system is being approached. This indicator of activated sludge condi- 
tion is easily obtained and seems to be an excellent one for practical 
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application in plant control. The curves in Fig. 7 show the percentage 
of the 20-day B.O.D. of the substrate that is oxidized by the activated 
sludge in this experiment. They indicate very strikingly the decreas- 
ing efficiency of the sludge for oxidizing substrate during the course of 
this test. 


EXPERIMENT ON Lona REAERATION OF SLUDGE 


The purpose of the second experiment was to study changes in the 
oxidizing powers of activated sludge during a prolonged aeration 
period without feeding. In this experiment the experimental activated 


Tape 1V.—Base Data and Results of B.O.D. Removal Tests of Plant Sludge on Domestic Sewage 
Experiment 2 


(Activated Sludge Aeration Without Feeding) 





Date: 1936, Get... .4 0... 5 G> | 7 8 9 | 12 15 19 
{eration Period Hrs... ... 8 Inf. Inf. Inf. | Inf. | Inf | Inf. Inf. 
Days after Last Feeding. . | 0 | I a4 3 6 | 9 13 
Susp. Solids, P.P.M.......| 2808 | 2672 | 2464 | 2168 | 2208 | 2204 | 2164 | 1868 
Sludge Index.......... 29.8 29.8 29.0 21.1 27.6 | 24.4 | 240 | 19.6 
Per Cent Ash in Sludge. . 24.1 23-0 24.9 23.9 25.0} 27.6| 31.4 | 30.0 


Dilution Method—20 day B.O.D. (P.P.M.) 


Old Supernatant. . 10.0 26.6 33.6 67.0 39.2 51.6 | 42.7) 31.0 

Sewage Feed... 491.0 | 590.0} 513.0} 613.0} 377.0} 368.0} 329.0] 349.0 

Initial Supernatant | | | 
Substrate*. 310.6 | 364.6 | 321.2} 394.6] 241.9] 241.4| 214.5] 221.8 


Supernatant Substrate After: 


lt hrs. aeration........ 131.0! 172.0| 146.0] 210.0! 133.0! 124.5] 106.0] 153.0 
3 hrs. aeration . Ses 78.7 95.7 99.5 156.0 114.0 86.7 | 94.6 | 146.0 
5 hrs. aeration... . ; 45.9| 43.4| 286| 80.6] 71.9| 71.5] 136.0 


Percentage Reduction of 20 day B.O.D. of Substrate 


54.5] 468| 449| 48.4| 


\fter 13 hrs. aeration. . 57.8 528 | 50.6 | 31.0 
After 3 hrs. aeration...... 14.7 4a0 | —69:0'| ‘65:0 52.8} 64.1 | 55.9 | 34.2 
\fter 5 hrs. aeration...... -- | "S74 86.5 92.8 | 666] 70.2} 66.7 38.7 





* Each value represents the quantity of oxygen required by .6 liter sewage plus .4 liter old 


supernatant. 


sludge plant was operated on an 8-hour aeration period for eight days 
to obtain a good, normal activated sludge. During this preliminary 
period, four total purification and oxidation tests similar to those de- 
scribed for Experiment 1, were run to determine the characteristics of 
the sludge. Then the sewage feed was cut off, but the tank aeration 
mixture was aerated at the normal rate for a period of thirteen days. 
Periodically, during the aeration period, samples of sludge were re- 
moved and the tests already described were performed using domestic 
sewage as the feed. The results of these tests during this experiment 
have been summarized in Tables IV and V and some of the most sig- 
nificant data indicating change in sludge condition have been plotted in 
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Figs. 8, 9 and 10. The quantities of oxygen used during the 5-hour 
aeration period of these tests decreased regularly on both the control 
sludge (B) and the aeration mixture (A). However, the difference be 
between (A) and (B) gradually became less, indicating again that the 
ability of the sludge to oxidize the added sewage substrate used in the 
test was being lost. This is best shown in Fig. 8 where the quantities 
of oxygen representing the oxidation of substrate (A-B) have been 


TaBLe V.—Results of Oxidation Tests with Plant Sludge on Domestic Sewage 
Experiment 2 


(Activated Sludge Aeration Without Feeding) 





Days after Last Feeding 0 ] (eae ee 6 | S | As 
Test Number. . 4 5 6 7 ae 9 | 10 11 


Megms. Oxyge n Used by Control Mixture @ 


1} hrs. aeration... ee aes 2 | “12.9 | 17.3 | 19.7 | 18.3 | “i | 10.3 
3 hrs. aeration... . 53.2 48.8 | 36.5 | 32. 1 |} 32.1 | 32.5 | 27.7 | 15.9 
5 hrs. aeration... ae 71. 1 | 59. 4 ‘i: 50.6 6 | 45. 0 | 45.8 43.1 ad 





Megms. Oxygen Used by Feed Aeration Mixture (A) 


13 hrs. aeration Sea 83.4 77.8 8 | 59.2 2 | 58.9 | 58.9 | (55.4 | 23.5 16.3 | 14.7 
3 hrs. aeration... : 145.9 | 134. 92.9 | 95.0 | 79.3 | 42.9 38.3 | 21.2 
5 hrs. aeration...... ‘175.1 | | 126.5 Fr 120.4 | 107.5 | 69.6 61.3 23.6 





C = Mgms. Oxygen Used to Oxidize Substrate Feed (A—B) 











1} hrs. aeration..........| 48.3 | 50.5 | 46.3 | 41.6 | 35.7 | 52 | — 1.4 

3 hrs. aeration... . | 92.7 | 85.5 | 56.4 | 62.9 | 47.2 | 104 | 106 | 53 

5 hrs. aeration... . -_| 104.0 | 67.1 | 698 | 625 | 238 | 182 | 09 
D = Percentage of 20-day Substrate Feed B.O.D. Oxidized* 

1; hrs. aeration..... oa ~ 16. 4 - 1 4.3 T 15.0 _ | “11.3 3 | 15. 5.8 Pi 4 2 24 | ie | 2.1 

3 hrs. aeration.......... S15:| 242) 383. | 394 | 20.9 | 4.7 5.4 | 2.5 

5 hrs. aeration . | 29.4 | 218 | 190 | 276 | 108 | 92 | 04 


E = Mgms. Oxygen per Gram ieimcniilied Solids in Control Mixture 


13 hrs geration . er, 12.5 10.2 | 6. 24 | ~ 7.98| 8 92 8.30. [ae | od.ol 
3 hrs. aeration..... 18.9 | 18.3 | 14.8 | 14.8 | 14.5 14.7 | 12.8 | 8.5] 
5 hrs. aeration...........| — | 26.6 | 241 | 23.3 | 204 | 208 | 19.9 | 122 








* This is obtained by dividing the C values vii 0.6 of the 20-day sewage feed values in p.p.m. 
as given in Table IV and multiplied by 100. (There were 600 ml. of sewage used as feed.) 


plotted for each test after the feed was stopped in the aeration tank. 
This indicates that starving a sludge, while decreasing the demand of 
the sludge itself, also decreases its ability to oxidize nutrient substrate 
feed which may be added to it. Once this oxidizing ability is lost by 
prolonged aeration it can be redeveloped only gradually as is done 
initially. In this case there was not a great deal of damage done during 
the first three days of aeration following elimination of the feed, but 
between the third and sixth days there was a very great loss in the 
ability of the sludge to oxidize sewage. By the ninth day this oxidizing 
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Fic. 8.—Oxidation of substrate feed by activated sludge in closed system as sludge deteriorated 
during long continued reaeration. 
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Fig. 9.—Oxygen requirement per gram of solids in the control sludge during long continued 
reaeration. 


ability was very poor and had practically disappeared by the thirteenth 
day. 

The quantities of oxygen used per gram by the control sludge in 
each test are plotted in Fig. 9. This series of curves shows that the 
rates and quantities of oxygen used by the sludge gradually decreased 
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in this experiment. This is, as would be expected, exactly the opposite 
result obtained in the overloading experiment. 

The series of curves in Fig. 10 are similar to those in Fig. 7 for 
the first experiment and show the reduction, which was the result of 
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Fie. 10.—Percentage of 20-day B.O.D. of sewage feed oxidized by activated sludge following 
various periods of long reaeration. 


starvation, in the percentages of the 20-day B.O.D. of the substrate 
removed by oxidation. 


SUMMARY 


In an experiment on overloading of activated sludge and on another 
with starvation (prolonged aeration without food) suspended solids, 
sludge index, sludge ash, total B.O.D. removal tests, short time oxygen 
demands of sludge and substrate oxidation tests were used as para 
meters of change in sludge condition. The experiments indicated that 
while the sludge index and sludge ash were important criteria from 
the settling standpoint, they were very poor indices of change in bio- 
chemical quality of the sludge. The B.O.D. removal tests were also 
poor and insensitive indicators of change in biochemical qualities. The 
20-day B.O.D. removal test was superior to the 5-day test as an indicator 
of past change, but was of no practical value in plant control because of 
the long incubation period involved. 

The short time oxygen utilization tests on activated sludge appeared 
to be better indices of change than any of the above parameters. It 
was shown that the quantity of oxygen used per gram of suspended 
solids during a short aeration period of the mixed liquor sample under- 
going test gradually increased with overloading of the sludge. With 
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cessation of sewage feed to the mixed liquor maintained under continu- 
ous aeration, this oxygen use was slowly reduced. Practical tests of this 
nature can be made easily and this procedure may prove to be a valuable 
aid in activated sludge plant control, particularly as an indicator of 
overloading. 

These experiments indicate that the substrate oxidation tests are 
sensitive indicators of change of biochemical quality of activated sludge. 
It appears that this most important property of an activated sludge is 
eradually lost either by prolonged overloading or by starvation. Pro- 
longed aeration without food (sludge reaeration) altered the normal 
characteristics of activated sludge to the point where the aerated sludge 
had entirely lost its ability to oxidize sewage substrate at high rates. 

Acknowledgment is made to former Assistant Chemist P. D. Me- 
Namee for much of the analytical work on which this paper is based. 
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STUDIES ON THE METHANE-PRODUCING 
BACTERIA * 


I. DEVELOPMENT OF A METHOD FOR ENUMERATION 


By H. HeuKkevtekian AnD Bernarp HEINEMANN 


Associate and Graduate Student, Dept. Water and Sewage Research, New Brunswick, N. J. 


INTRODUCTION 


In any bacteriological technique, which measures the number of 
organisms present in a medium, it is essential to develop a satisfactory 
method which takes due cognizance of the physiological properties of 
the organisms to be enumerated. The information available on the 
methane-producing organisms is very meager. They possess charac- 
teristics which make them exceedingly difficult to study by the ordinary 
routine bacteriological techniques. Although they have never been 
isolated in pure culture certain facts are known. According to Barker ' 
the organisms are strict anaerobes which do not form spores; in addi- 
tion to a hydrogen donator (usually an organic compound) they require 
earbon dioxide as a hydrogen-acceptor; they require only inorganic 
nitrogen sources; and they grow slowly. 

Barker’ presented a survey of the methane-producing organisms 
based on the descriptions which were seattered throughout the litera- 
ture. He developed methods for obtaining highly purified cultures of 
four different types of methane-producing organisms which allowed 
positive identifications on the basis of morphological and physiological 
characteristics, and described them as follows: 


1. Methanosarcina methanica. Large spherical cells characteristically 
grouped to form cubical sarcina packets. Permanently immotile 
and nonspore-forming. Ferments acetic and butyric acids with 
the production of methane, but not ethyl or butyl aleohol. Gram 
variable. 

2. Methanococcus Mazein. sp. Small spherical cells which occur singly, 
in small groups, or in large, irregular and somewhat slimy ag- 
gregates. Immotile and nonspore-forming. Ferments acetic 
and butyric acids with the production of methane, but not ethy! 
or butyl alcohols. Gram variable. 

3. Methanobacterium Sohngeniit n. sp. Rod-shaped, permanently im- 
motile, nonspore-forming cells. The rods are characteristically 
joined into long threads which lie parallel to one another so as to 
form bundles. Ferments acetic and butyrie acids with the pro- 
duction of methane, but not ethyl aleohol. Gram negative. 

4. Methanobacterium Omerlianskii n. sp. Thin, frequently bent, im- 
motile, nonspore-forming rods. Ferments ethyl alcohol to acetic 

* Journal Series Paper, N. J. Agricultural Experiment Station, New Brunswick, N. J., 

Dept. Water and Sewage Research. 
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acid and butyl aleohol to butyrie acid with methane formation. 
The same organism probably also ferments butyric acid to acetic 
acid. Acetic acid is not fermented. Gram negative. 


Barker * also made a study of the biochemistry of the methane fer- 
mentation. He showed experimentally, using purified cultures, that the 
reaction proceeded as follows in the case of ethyl and butyl alcohols: 


2C.H,;OH + 2H.0 + CO, — 2CH;,COOH + CH, + 2H.0 ; 


2CH,.CH..CH,.CH.OH + 2H.0 + CO, > 
2CH,;.CH,.CH..COOH + CH, + 2H.O 


This led him to the conclusion that the fermentation of the aleohols 
resulted in their dehydrogenation and the subsequent reduction of car- 
bon dioxide. Thus it is quite possible to generalize this result, as van 
Niel has done, to include all methane fermentations. The general equa- 
tion for the methane fermentation would therefore be: 


4H.A + CO, — 4A+ CH, + 2H.O 


in which H,A represents any organic compound, which can be activated 
by the methane-producing bacteria so that it can act as a hydrogen 
donator for the reduction of carbon dioxide. The probable mechanism 
for the methane fermentation of acetic acid was then regarded as: 


CH.COOH + 2H.0 + CO, — 2CO, + CH, + 2H.O 


Since pure cultures of the organisms have not as yet been obtained 
it is not certain that these methane-producing bacteria are able to bring 
about a reduction of carbon dioxide with hydrogen to methane without 
the aid of an associated microflora. 

With the fundamental information available, work was undertaken 
to develop a method for the enumeration of certain methane-producing 
bacteria. Studies were made on their reaction to varying pH, tempera- 
ture, concentration of the organic substrate, yeast extract and inert 
materials in the eulture medium. 


EXPERIMENTAL 


Media.—The classification of the four methane-producing organisms 
which was presented showed that enriched or purified cultures of three 
of the organisms could ferment calcium acetate and calcium butyrate 
with methane production while the fourth produced the gas from ethyl 
aleohol. Gasometric analyses showed the ratio CH,: CO, to be close to 
4:1 when each organic substrate was fermented by inoculating with an 
enriched culture or with digesting sewage solids. The methane-pro- 
ducing organisms described appear to be the only organisms capable of 
fermenting acetate, butyrate and ethyl alcohol under anaerobic condi- 
tions. These substances were incorporated in the media as the organic 
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substrate. The media proposed by Barker* was modified in order to 
speed up the growth of the organisms. It consisted of : 


BRN ae esas GisnG sitte ele ea aes 0.1 per cent 
1 & OSI ee-peencenton intr aie 0.04 per cent 
1 6 Ea te Ore a he 0.01 per cent 
Organic substrate ............ 1.0 per cent 
Yeast extract (Bacto) ........ 0.003 per cent 
BED WANOE 55350 s:. 22 Bee ie eine 100 ml 

eRe eet Vian oeiineie rains Xe 7.0 


When ethyl aleohol was used it was necessary to add one gram of 
CaCO, per 100 ml. of media to neutralize the acetic acid which was 
formed. 

To remove all traces of oxygen the sterile medium was heated in 
steam prior to inoculation, cooled to 40° C. and a sterile solution con- 
taining one per cent of Na.S.9H.O and five per cent of Na.CO, (3 ce. of 
this solution to each 100 ml. of medium) was added. Sodium sulfide 
aided in maintaining anaerobic conditions while the carbonate acted as 
a source of carbon dioxide. The pH was adjusted to 7.0 with sterile 
hydrochloric acid solution. The media was then transferred aseptically 
to sterile tubes for inoculation and dilution purposes. 

It was necessary to make many inoculations in these studies. Agar 
shake cultures proved unsatisfactory due to the difficulty in handling. 
Anaerobic agar plates were also unsuccessful for enumeration purposes 
due to disruption of the agar by the gas formed and failure of the or 
ganisms to show visible colonial growth. Test tubes, containing in- 
verted vials for gas collection in a liquid medium, were found to be most 
practicable. The test tubes, each containing an inverted gas vial and 
cotton plug, were sterilized prior to adding the sterile medium. They 
were inoculated with the appropriate dilution of sample, immediately 
sealed with ‘‘vas-par,’’? and placed in an ineubator at 35° C. All in- 
oculations were made in duplicate and an estimation of numbers present 
made by use of the tables for ‘‘most probable numbers of bacteria.”’ 
A tube was considered positive when the inverted vial contained definite 
evidence of gas production. 

The dilution tubes consisted of sterile, rubber-stoppered test tubes 
to which a measured amount of medium was added. The medium used 
as the diluent was the same as that into which the sample was to be 
inoculated. The purpose of this was to eliminate as far as possible too 
severe changes in environment. 

Period of Incubation—Several investigators have observed that the 
length of time necessary for the methane-producing organisms studied 
to produce visible evidence of their presence, in the form of gas forma- 
tion, was a function of the numbers of organisms inoculated into a 
medium. Barker ' noted the time required for a series of dilutions to 
produce gas when 0.5 ml. of sediment from an actively fermenting 
purified enrichment culture of the organisms was inoculated into agar 
shake cultures. It was not quite clear just what his final dilutions were 
nor for which organisms the time relationships were established. 
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It would be of value to speed up the rate of development of the 
methane-producing organisms in the synthetic media and thus a growth- 
promoting substance was added in the form of yeast-extract (Bacto). 
Table I gives the time relationships which were found when serial dilu- 
tions of actively gasifying sewage solids (4.1 per cent) were inoculated 
into liquid media of calcium acetate, calcium butyrate and ethyl! aleohol 
with and without veast-extract and ineubated at 35° C. The concentra- 
tion of veast-extract used was 30 p.p.m. The first dilution contained 
0.1 ml. of sludge (well-shaken before sampling) per cubic centimeter 
of medium and each consecutive dilution diminished the previous one 
ten-fold. 

The speeding up of growth, especially in the higher dilutions, was 
evident when yeast-extract was incorporated in the media. The re- 
TaBLE I.—Comparison of Time Required to Show Gas Production When Serial Dilutions of Digesting 

Sewage Solids Were Inoculated Into Synthetic Media With and Without Yeast Extract 


Time to Produce Gas (days) 











Dilution No Yeast Extract | Yeast Extract 
(milliliters) : Se Pre as oe a ho eo 

Acetate and Ethyl Acetate and Ethyl 
Butyrate Aleohol Butyrate Aleohol 

0.1-0.01... | 6-17 | 3-10 | 3-14 4 
0.001. . 20-36 6-13 14-28 4-11 
0.0001... : 24-41 16-27 18-35 7-18 
0.00001... 39-100 20-34 21-42 10-26 
NAO so oe cacede ay oa 60-140 30-43 28-50 14-32 
0.0000001............ | 75 and up 38-53 37-62 17-39 


sults also showed that the organisms which formed gas from ethyl 
aleohol did so faster than those which attacked acetate and butyrate. 

It was thought that possibly the small amount of yeast extract was 
being utilized as a food by the bacteria to form gas. The following 
observations show, however, that such was not the case. 

1. Inoculation of media with and without yeast-extract with portions 
of the same sludge sample, gave the same final count of organisms, 
except that gas-formation was evidenced much more rapidly in the 
media with yeast extract. 

2. Media composed of the usual salts and 30 p.p.m. of veast-extract 
with no organic substrate did not produce visible evidence of gas when 
inoculated with digesting solids. 

3. Gas analyses showed that with or without veast-extract the ratios 
of CH,: CO. were the same. 

4. Microscopic examination revealed the same organisms to be pres- 
ent in both cases. 


A series of inoculated dilutions must be incubated until the last 
negative dilution has passed the time limit indicated in Table I and 
there is no longer any possibility of the inoculation being positive. 
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pH.—It was thought desirable to determine the optimum hydrogen 
ion concentration at which the organisms develop in the various media. 
The pH of the three media was adjusted with sterile hydrochloric acid 
or sterile sodium hydroxide, as required, and checked on an aliquot 
with a Beckman electrometric apparatus. 

To determine the optimum pH for the ethyl alcohol organisms it 
was necessary to remove the CaCO, from the medium. The medium 
was prepared and adjusted to different pH values with HCl and NaOH 
omitting the CaCO,. To this was then added varying amounts of the 
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Fig. 1.—Effect of pH of the culture on the growth of methane-producing bacteria incubated 


at 35° C. 


Sorensen buffer solution (1/15 mol NaH.PO, and 1/10 mol Na,HPO,) 
in order to maintain the various pH values. Only a limited range could 
pe covered. The media were made up in such a way that the addition 
of the buffer solution did not change the final concentration of nutrients. 
The initial and final pH, after fermentation, was checked on the Beck- 
man potentiometer and did not change in a single instance. The media 
were inoculated with serial dilutions from a rapidly gasifying sludge 
digestion mixture. 

The results, which are presented in Fig. 1, show that the optimum 
pH for the fermentation of calcium acetate, calcium butyrate and ethy! 
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alcohol to methane at 35° C. is very close to 7.0. At pH values on either 
side of this point there was a sharp decline in the numbers of organisms 
fermenting these substrates. 

Temperature.—The optimum temperature at which the methane- 
forming organisms from a digesting sludge at 20° grow in liquid media 
was determined by inoculation of portions of the same sample of digest- 
ing sewage solids into the three media at a pH of 7.0 and incubating at 
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Fic. 2.—Effect of temperature on the growth of methane-producing bacteria. 
20°, 28,° 35° and 55° C. Organisms from the sludge digesting at 20° C. 
would not develop gas when placed at 55° C. The optimum tempera- 
ture was in the range 28°-35° C. as indicated by the results presented in 
Vig. 2. 

Use of Inert Materials in the Media.—It will be shown in a subse- 
quent paper that the methane-producing organisms tend to concentrate 
in the sludge phase rather than the liquid portion of digestion mixtures. 
Other investigators * have added asbestos and other inert materials to 
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synthetic media to facilitate the growth of methane-producing organ- 
isms. Thus it was thought that an inert material added to the medium 
might speed up growth of the organisms. Culture media to which 
asbestos was added gave evidence of gas production somewhat earlier 
than those to which kaolin or no inert material was added. This was 
due to the fact that the asbestos fibers trapped the small gas bubbles 
which were formed and on shaking the tube a small but noticeable bub- 
ble was released and the tube could be called positive. The reduction in 
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CONCENTRATION OF ORGANIC SUBSTRATE, PER CENT 


Fic. 3.—Effect of the concentration of the organic substrate of the culture media on the 
growth of methane-producing bacteria at 35° C. 


time of inoculation was not found to be sufficient to warrant the addition 
of asbestos to the medium in the method of enumeration which was used. 

Concentration of the Organic Substrate ——An experiment was per- 
formed to determine the optimum concentration of the organic substrate 
for the growth of methane-producing bacteria at a pH of 7.0. Media 
containing varying concentrations of the organic substrate were in- 
oculated with dilutions containing approximately the same number of 
organisms taken from a rapidly gasifying culture of the particular sub- 
strate being tested. Thirty days was taken as the final count, since 
after this period no further gas development was noticed in any of the 
remaining dilutions. The results shown in Fig. 3 indicated that for a 
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maximum development of methane-producing organisms on the organic 
substrates tested a concentration of 0.75-1.0 per cent should be used. 


Discussion 


The methane-producing bacteria play a decidedly important role in 
the digestion and stabilization of sewage solids. It is of value to have 
a method for determining the numbers of these organisms in digesting 
sewage solids as well as under various changes in environmental condi- 
tions such as temperature, pH air contact, and other physical and 
chemical changes. With this in mind a method was developed for 
enumerating these organisms. 

That the methods employed gave results of value was shown in 
several cases. Perhaps the best check on the method was indicated in 
Nie, 2. Three equal samples from the same sludge were inoculated into 
media and placed at different temperatures. Although the rate of 
erowth was faster at higher temperatures, the same final counts were 
obtained at all temperatures in the respective culture media. Again in 
the experiment on the concentration of the organic substrate Fig. 3 
showed that within certain ranges of substrate concentration duplicate 
inoculations gave the same final count. Thus it became evident that the 
results obtained for the numbers of methane-producing organisms were 
not merely chance results, but actually were capable of duplication. 

The temperature experiments further indicated that the rate of 
erowth of the organisms in a culture medium was about the same at 
28° C.as at 35° C., with the exception of the butyrate-fermenting organ- 
isms. The rate of growth at 28° C. was considerably faster than at 20° 
(. Studies on the effect of temperature on the rate of digestion have 
indicated that the digestion is accelerated by increasing temperatures 
up to about 28 to 32° C. Further increase of temperature to 40° C. 
does not inerease the rate of digestion. The inoculations from a 20° 
sludge placed in the media at 55° C. showed no growth, indicating that 
probably different organisms are responsible for methane production 
at the higher temperature. 

The results showed that it was justifiable to remove samples from a 
20° C. digesting sludge and to incubate the cultures at 35° C., since the 
same final numbers of organisms were observed at both temperatures. 
The higher temperature merely accelerated the rate of growth. 

The experiments on the optimum pH for the culture media showed it 
to be very close to neutrality for maximum growth. The general range 
of pH during maximum sludge digestion is 7.2-7.8. The numbers of 
organisms were adversely effected on both sides of the neutrality point 
to an equal extent. In other words, reducing the pH value to 6.5 had 
as great an adverse effect as increasing it to 7.5. Since, however, the 
action of methane bacteria is dependent on the prior activity of other 
eroups of bacteria it may well be that optimum pH for the continued 
activity of all groups is somewhat on the alkaline side of neutrality, as 
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shown in practical operation. However, when considerable amounts 
of salts are present in the original water the optimum pH may be lower. 

It is still impossible to report that any of the methane-producing 
organisms have been isolated in pure culture. The studies which have 
been presented in the experimental part of this paper are not concerned 
with single organisms which ferment acetate or butyrate and ethy! 
aleohol with the production of methane. Microscopic examinations of 
cultures of the acetate and butyrate media showed a sarcina, a coccus 
and a rod-shaped organism to be present at times. The alcohol media 
seemed to support only the growth of a long, somewhat bent, slender 
bacterium. This organism corresponded to the Methanobacterium 
Omelianskii described by Barker.’ In a more recent study on his or- 
ganism * he found that when an associated spore-forming bacterium was 
present, methane, acetic, butyric and caproic acids were formed. 

Thus the counts for the aleohol-fermenting organism probably rep 
resent only a single species of methane-fermenting organism. On the 
other hand the counts in acetate and butyrate media may represent 
three or more species of methane-producers. Nevertheless, the counts 
are of value since they give us an idea of the relative numbers of organ- 
isms present during sludge digestion, which are capable of producing 
methane. 

It is of interest to note that the concentration of the organic sub- 
strate had a considerable effect on the maximum numbers of organisms. 
Generally concentrations of the organic substrate of 0.75 to 1.0 per cent 
gave the highest numbers. In concentrations below and above fewer 
numbers of organisms developed. A concentration of 0.1 per cent of 
food material would limit the numbers of organisms due to the insut- 
ficient amount of food material. The limiting influence of the highest 
concentrations could be explained either by the unfavorable physical 
environment created (surface tension, osmotic pressure, ete.) or by the 
concentration of waste products. 

These organisms apparently grow at a very slow rate and their rate 
of development is dependent on the initial numbers. If they could 
grow at a rate equal to that of other saprophytic bacteria, proper in- 
oculation in sludge digestion would not be so important. Within a 
short time the organisms in the fresh solids would multiply sufficiently 
(with proper environmental control such as pH, temperature regula- 
tions) to make the use of ripe sludge unnecessary. Thus their slow rate 
of development makes not only the artificial inoculation by the use of 
ripe sludge a necessity for economical sludge digestion but also explains 
the beneficial effect of retaining large volumes of sludge in the tank. 

From a laboratory standpoint the use of a growth-stimulating sub- 
stance such as yeast extract has been of great practical value by reduc- 
ing the time necessary for incubation. It seems doubtful, however, 
whether the artificial addition of such substances to digesting sludge 
would similarly reduce the time, since in a complex material such as 
sludge it would be reasonable to expect that small quantities of a num- 
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ber of growth-stimulating substances were either present originally in 
the solids or produced as a result of bacterial action. 


SuMMARY 


1. A method was developed for the enumeration of methane-produc- 
ing bacteria in sewage solids. 

2. The pH optimum for methane producing organisms is at 7.0. 
The optimum sharply drops at both sides of neutrality. 

3. The optimum temperature for the development of methane bac- 
teria is 28° C. Neither the rate of development nor the ultimate num- 
bers are effected by increasing the temperature up to 35° C. The ulti- 
mate numbers at 20° C. are the same as at 28° C. but the time required 
is considerably longer. 

4. The concentration of the organic substrate (acetate, butyrate and 
ethyl aleohol) effects the maximum number of these organisms. A 
concentration of 0.75 to 1.0 per cent of these substances gives the high- 
est numbers. The numbers drop either with two low (0.1 per cent) or 
too high (3.0 per cent) concentration. 

5. The addition of yeast-extract was of considerable value in speed- 
ing up the rate of growth of the methane-producing organisms in cul- 
ture media. 
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II. ENUMERATION IN DIGESTING SEWAGE SOLIDS 


By H. Heukeiexkian And Bernarp HEINEMANN 


Associate and Graduate Student, Dept. Water and Sewage Research, New Brunswick, N. J. 


INTRODUCTION 


The digestion or stabilization of sewage solids is a fermentation 
process in which a decidedly diversified group of micro-organisms ecap- 
able of existing under anaerobic conditions take part. Rudolfs' has 
divided the process into three stages; intensive acid production, acid 
digestion, and digestion of more resistant materials. The digestion of 
the more complex compounds such as proteins, fats, sugars and cellu 
lose, which are attacked by the common saprophytic anaerobes, produce 
the lower acids, and probably other compounds, which will then second 
arily undergo a methane fermentation resulting in stabilization of the 
degradation products. 

Most of the investigations on sludge digestion have been coneerned 
with the chemical and biochemical aspects of the problem. Information 
has been made available on various end-products or results of the proc- 
ess and thus a certain amount of control can be exercised over the 
process by noting changes in these results. Little is known about 
the methane-producing organisms which are responsible for stabilizing 
the products formed by the hydrolytic flora. A knowledge of the part 
played by these organisms is essential for a proper understanding of 
sludge digestion and is especially important in modern plants where 
use is made of the combustible gases formed. 

In a previous paper a method developed for the enumeration of 
methane-producing bacteria was described.? This method was used to 
follow the changes in the numbers of these organisms during the diges- 
tion of limed, seeded and untreated sewage solids. A study was also 
made of the distribution of the methane-producing organisms in the 
liquid and sludge phases of digesting sewage solids. 


EXPERIMENTAL 


Bacteriological Technique—The methods and culture media used 
were the same as given in a previous paper. All dilutions were in- 
oculated in duplicate and determination of the number of organisms 
present made by using tables for ‘‘most probable numbers of bacteria.’’ 
The inoculated cultures were incubated at 35° C. 

Preparation of the Sewage Solids for Digestion—Fresh sewage 
solids were obtained from a plant receiving domestic waste only. In 
order to make the solids more homogenous and to facilitate future 

* Journal Series Paper, N. J. Agricultural Experiment Station, New Brunswick, N. J., 


Dept. Water and Sewage Research. 
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sampling they were put through a ‘‘Disposal’’ garbage grinder. The 
eround material had a solids concentration of 4.2 per cent of which 56 
per cent was volatile. The high ash content was probably due to in- 
filtration and the lack of facilities for grit removal. Counts of methane- 
producing bacteria were made on digesting limed, seeded and untreated 
sewage solids at intervals. The material which was limed received 
daily additions of calcium hydroxide to a pH value of 7.2-7.4 until the 
pH value remained in this range. The seeded material consisted of 
fresh solids plus ripe sludge mixed in the ratios indicated in Figs. 2 
and 3. <All digestion samples were incubated at 22° C. 

A portion of each sample was connected to a gas-collecting device. 
The remainder of each sample was then divided into 100 ml. portions 





3o 


ucrioNn Pen GRAM VoLATIL“ MATTER,C.C. 








BACTERIA PER CC., LOGARITHMS 














—o— = i 
gd, 

ry oes 5 alain 
& —__GAS PRoOUCTION saat Png is 
< —--ACETATE FERMENTERS —* 
e —-—BUTYRATE 
y y ----ETHYL ALCoHol FERMENTERS 
5 MES PS SS Se ee Se ee ee oe eet 

° 5 to is 20 25 30 35 4o 46 So 5S Go 6S 7o $35 


TIME, Days 


Fig. 1.—Methane-producing bacteria and daily gas production during digestion of limed 
solids at 22° C. 
and stoppered with Bunsen valves. These portions were used to in- 
oculate the media for the purpose of counting the methane-producing 
organisms present which could ferment acetate, butyrate and ethyl 
aleohol. They were shaken, sampled with a sterile, broken-tipped pip- 
ette, and then discarded. 
Resuuts 


Limed Solids—The data presented in Fig. 1 show the daily gas 
production and number of methane-producing bacteria, which ferment 
the substrates indicated, in a sample of limed solids. Gas collection 
was started after 10 days when no further additions of lime were neces- 
sary to maintain the proper pH. The bacterial curves showed a con- 
siderable drop in the numbers of methane-producing organisms present 
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Fic. 2.—Methane-producing bacteria and daily gas production during digestion of a fresh 
solids—ripe sludge mixture (ratio 2: 1 on dry volatile matter basis) at 22° C. 
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Fig. 3—Methane-producing bacteria and daily gas production during digestion of a fresh 





solids—ripe sludge mixture (ratio 1: 1 on dry volatile matter basis) at 22° C. 


during the liming or acid stage. The numbers increased after the acid 
digestion period and reached a maximum at or shortly after the peak 
of gas production. The numbers of methane-producing organisms then 
fell off rapidly with an accompanying decrease in gas production, A 
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constant level with only slight changes in numbers existed for a period 
of 90 days thereafter. 

Seeded Solids.—Figs. 2 and 3 shows the daily gas production and 
types of methane-producing bacteria in two samples of fresh solids 
seeded with different ratios of ripe sludge. In both cases there was 
no sharp decrease in the numbers of the organisms originally present. 
The maximum numbers occurred at or close to the peak of the gas 
production. With the decline in gas production there was a sharp 
decline in the number of methane-producing organisms. A slight 
secondary rise in gas production was accompanied by a noticeable in- 
crease in the numbers of organisms. 
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Hig. 4.—Methane-producing bacteria and daily gas production during digestion of untreated 
solids at 22° C. 


Untreated Solids.—The curves presented in Fig. 4 for the untreated 
solids follow the same general trend as those for the limed solids, except 
that a longer period of time was required for digestion. There was an 
initial decrease, of the original numbers present, during the acid stage 
of digestion with a subsequent rise until the peak of gasification was 
reached and then a sharp decrease in numbers. 

Distribution of Methane-Producing Bacteria in Digesting Sewage 
Solids.—A sample of solids which was gasifying rapidly and another 
which had passed the peak of gas production were used to determine 
the relative numbers of methane-producing bacteria in the sludge and 
liquid portions. In both samples there was a well marked division into 
liquid and sludge portions. 








440 SEWAGE WORKS JOURNAL May, 1939 


Analyses of the two sludges were as follows: 


Solids Concentration (Per cent) 





Sludge Supernatant Liquor 


Rapidly Gasifying. 6s BS 0.23 
Slowly Gasifying ee es 0.21 


The results presented in Table I indicated that there were consid- 
erably more organisms in the sludge phase of digesting solids than in 
the supernatant liquor when the numbers were expressed per cubic 
centimeter or per gram of solids. 

TaBLE I.—Methane-producing Bacteria in the Liquid and Sludge Portions of Rapidly and Slowly 


(ras fying Sewace Solids 


Organisms per Cubic | Organisms per Gram 
Centimeter (x 1000) Solids (x 1000) 
Organic Substrates 
Fermented ; . 
Rapidly Slowly Rapidly Slowly 
Gasifying Gasifying | Gasifying Gasifying 
Supernatant liquor | 
Acetate—Fermenters 250 6 125,000 | 3,000 
Butyrate—Fermenters 2.5 0.6 | 1,250 | 300 
Ethyl Aleohol—Fermenters 25 20. | 12,500 | 1,250 
Sludge phase 
Acetate—Fermenters 25,000 600 | 700,000 | 24,000 
Butyrate—Fermenters 6,000 | 60 170,000 | 2,400 
Ethyl Aleohol—Fermenters 250,000 1,300 7,000,000 | 52,000 


Discussion 


The remarkably close relationship between the gas production and 
the numbers of the different types of methane-producing organisms has 
been one of the outstanding features of this study. In fact the correla- 
tion has been so close that it is possible to determine the stage of di- 
gestion from the bacterial counts. The value of this observation does 
not, at the present time, lie in the possible use of the numbers of methane 
organisms, instead of gas production, as an index of digestion but the 
increased confidence that it inspired on the validity of the method of 
enumeration of methane bacteria. It should be observed that in certain 
cases there was a difference of a few days between gas production 
values and bacterial numbers. Still closer values might have been 
obtained if bacterial enumerations had been made more frequently. 

It was not surprising that the untreated solids during the early stage 
of digestion manifested a decided drop in the numbers of methane- 
producing bacteria. It is well known that during this period the acidity 
is high and the pH value is low. These organisms in culture media have 
been shown to be very sensitive to small changes of pH value from the 
neutrality point.” In limed solids, during the period where lime addi- 
tions were necessary to maintain the pH value at 7.2-7.4, a similar de- 
crease in bacterial numbers took place. In spite of the daily attempts 
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to adjust the pH value, part of the day the solids were digesting under 
acid conditions. It is possible to attribute the decrease in numbers to 
this cireumstance although other factors such as the effect of some 
toxie product during this period should also be considered. It is to be 
noted, however, that after the period of acid digestion when lime addi- 
tions became unnecessary the bacterial numbers steadily increased. 
Furthermore, the initial drop in bacterial numbers did not take place 
in the seeded solids. These results emphasized the importance of 
environmental conditions in the stabilization of sewage solids by the 
methane-producing bacteria. Maximum growth of these organisms did 
not occur until the environment was favorable. 

The simultaneous decrease of the numbers of bacteria with gas pro- 
duction after the digestion was complete should be explained on the 
basis of the exhaustion of the food for these organisms. But once a 
certain level is reached, due to the alteration of the food factor, the 
organisms maintain their values in the ripe sludge for a period of at 
least three months without further appreciable decrease. 

In Table II are given the average numbers of methane fermenting 
bacteria originally present in a number of fresh solids and ripe sludges 


Tasie I].—Average Numbers of Methane Producing Organisms at the Peak of Gasification in Fresh 
Solids and Ripe Sludge 


(Average of 6 samples) 





Organisms per Gram Solids (x 1000) 
Organic Substrates | ee ee ae ee 


Fermented 


| Peak of Gasification | Fresh Solids Ripe Sludge 
_ - = - | ; _ — - | —_ —_ ee — — 
Acetate—Fermenters..........| 950,000 6,250 12,000 
sutyrate—Fermenters........| 252,000 3,250 5,400 


Ethyl Aleohol—Fermenters. . . . | 4,600,000 


15,000 121,000 


Organisms per Cubie Centimeter (x 1000) 


250 308 


Acetate—Fermenters..........| 34,000 
Butyrate—Fermenters........ .| 9,000 130 135 
kithyl Aleohol—Fermenters a 1,638,000 600 2745 


so far tested as well as the average numbers of various digesting mix- 
tures at their maximum level. It is striking that the numbers on the 
basis of dry solids are relatively high in fresh solids as compared with 
ripe sludge. The difference in numbers occurs at the peak of gasifica- 
tion. 

From the standpoint of introduction of maximum numbers of meth- 
ane-producing bacteria the sludge at the peak of maximum activity is 
preferable. Previous work,’ using gas production as an index for 
proper seeding condition of sludge, showed that best results were ob- 
tained when the sludge was just past the peak of gasification and for 
about a month thereafter. Thus it would appear that the chief value 
of ripe sludge lies in the production of favorable environmental condi- 
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tions and that the slow rate of digestion of fresh solids is not due pri- 
marily to the paucity of methane-fermenting organisms, but to the lack 
of favorable environmental conditions. 

Table III is presented to give some idea of the relative increases in 
the numbers of methane-producing organisms by noting the maximum 
and minimum counts observed, in the culture media used, up to the peak 
of gasification. The data was taken from the results presented in 
Fig. 1-4. 

TaBLe III].—Mazximum and Minimum Numbers, Up to the Peak of Gasification, of Methane- 


Producing Bacteria (X 1000 per cubic centimeter) Obtained During Digestion of Sewage Solids 


























Acetate— Butyrate— Ethyl Alcohol— 
Fermenters Fermenters Fermenters 
Sample | —____-- SESS — 
= In- | - | In- —o 
| Max. | Min.| ~~ | Max. | Min. | Max. | Min. 
| crease | | | crease | | crease 
a ee een Sneenes! Smnennne: Seeaenee ss 
ON 68 i his /25,000] 6 | 4,160] 2,500] 13 | 192 250,000 | 2.5/100,000 
Seeded (2 : 1 ratio). . ./ 60,000 |1,300 46 | 25,000 1,300 | 19 | 1,300,000 |6,000 | 216 
Seeded (1 : 2 ratio). ..} 25,000} 600 | 41 | 6,000} 600 | 10 | 2,500,000 |2,500 | 1,000 
Untreated. ......... 125,000} 2.5] 10,000! 2,500] 0.6} 4,160 | 2,500,000 | 6 |416,666 











It was evident from Table III that the greatest increase in numbers 
of organisms was made by those fermenting ethyl aleohol. Apparently 
these bacteria must be capable of utilizing certain materials in the di- 
gesting sludge very readily. The maximum numbers of organisms 
found which grew on the three substrates was lowest in the limed solids. 
The maximum numbers in the untreated solids were more similar to the 
two ripe sludge mixtures than to the limed solids. Not much stock can 
be placed in this, however, since it was impossible to sample the ma- 
terials daily and the maximum and minimum counts may not necessarily 
be the true ones. Reference to Fig. 1-4 show that the samplings were 
not always made at the peak of gasification and thus even greater counts 
than the ones obtained may have been attained in the various sludges. 

It should be borne in mind that the numbers obtained with the sub- 
strates cannot be added together to obtain the total number of methane 
bacteria since the same type of organism may grow in more than one 
substrate. It should also be pointed out that the maximum numbers of 
methane-producing bacteria obtained in the different solids are much 
higher than any previously reported values obtained on standard bac- 
terial media such as nutrient agar and special media such as broth. As 
far as methane organisms are concerned it is felt that previous counts 
obtained with such media included only a small fraction if any of the 
specialized bacteria capable of producing methane. 

The results presented in Table I indicate that the methane-producing 
organisms studied were concentrated in the sludge phase of the digest- 
ing solids. The nutrient materials which they utilize, on the other hand, 
are water soluble and would thus be in solution in the supernatant 


liquor. The organisms may be in the sludge phase as the result of 
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sedimentation or due to attachment to the fibrous, solid substances pres- 
ent. Nevertheless, there were a certain number of the organisms in the 
supernatant liquor probably due to the circulation caused by the gas 
bubbles as they came up from the bottom. This circulation would also 
bring nutrients to the organisms in the sludge phase. It would be 
interesting to determine whether solid material is an aid in the func- 
tioning of methane-producing bacteria. Results presented in a previ- 
ous paper * showed that asbestos fibres added to cultures did not greatly 
decrease the time required for the organisms to show evidence of gas 
production, but on the other hand, the asbestos may permit a greater 
concentration of organism in a given culture. 

Do the organisms producing methane from ethyl! alcohol in the eul- 
ture medium, which are the most predominant group, grow on alcohol 
in the sludge substrate? It is known that a number of substances which 
are commonly present in fresh solids such as cellulose, proteins, fats 
and other carbohydrates, when fermented under anaerobic conditions, 
will produce ethyl aleohol. Buswell* showed that ethyl aleohol was 
readily converted to methane when added to ripe sludge. We have 
been able to detect the presence of small amounts of aleohol (25-200 
p.p.m.) during the digestion of fresh solids. That the quantity is not 
higher may be caused by methane organisms readily converting it to 
methane as soon as it is formed. In spite of these evidences there still 
is the possibility that these organisms which ferment ethyl alcohol to 
methane in synthetic medium utilize another substance in the digestion 
of sewage solids. 

The probability is great that acetate and butyrate are utilized in 
methane production since these substances are known to be present in 
the different phases of sludge digestion.’ These acids arise from the 
hydrolysis of certain fats, proteins and corbohydrates. Enriched cul- 
tures of various cellulose fermenting bacteria, when added to sterile 
fresh solids were able to convert 5.3-12 per cent of the original cellulose 
(0.7 gm. per 100 ml.) to acetic acid and 0.9-2.4 per cent to butyric acid 
(unpublished results). 


SUMMARY AND CONCLUSIONS 


Using the technique described in the first paper of this series the 
numbers of methane-producing bacteria present during the course of 
digestion of seeded, limed and untreated solids were determined. The 
results showed that the organisms capable of producing methane from 
calcium acetate, butyrate and ethyl alcohol in synthetic medium were 
present in digesting sewage solids and their numbers were an indicator 
of the course of digestion. The numbers were only slightly higher in 
ripe sludge than fresh solids. During the course of digestion of either 
seeded or unseeded solids the numbers increased greatly, attaining a 
maximum. Their numbers thereafter decreased rapidly and became 
more or less stationary for a period of three months. Both in the limed 
and unlimed solids the numbers of the organisms decreased during the 
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acid digestion phase. Such a decrease did not take place during the 
digestion of seeded solids. The course of development of the methane- 
producing bacteria in digesting sewage soNds*emphasized once again 
the importance of producing proper environmental conditions fo1 
sludge digestion. The numbers obtained were far in excess of any 
other estimation of bacterial numbers in sludge digestion. There were 
more methane organisms both on volume or dry solids basis in the 
sludge phase than in the liquid phase. 
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THE DISSOLVED OXYGEN SAG—AN ANALYSIS 


By Gorpon M. FaIr 


Gordon McKay Professor of Sanitary Engineering, Harvard Graduate School of Engineering, 
Cambridge, Massachusetts 


When sewage or other decomposable waste material is discharged into 
a receiving water, such as a stream, the interplay of biochemical oxygen 
demand and of atmospheric reaeration creates a spoon-shaped profile of 
the dissolved-oxygen deficit along the course of the stream known as ‘‘the 
dissolved oxygen sag” (Fig. 1). The general mathematical properties of 
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lig. 1.—Characteristic points and coérdinates of the dissolved-oxygen sag. 


the sag curve have been developed in the classical studies of Streeter and 
Phelps and their co-workers in the U. 8. Public Health Service.* 

It is the purpose of this paper to present a systematic analysis of the 
dissolved-oxygen sag because such an analysis yields results, so far unre- 
ported in the literature, that simplify the analytical as well as the graphical 
solution of certain engineering problems connected with the disposal of - 
municipal and industrial wastes in receiving waters and give a general 
concept of the permissible loading of receiving waters. This paper is 
divided into four parts: 


A. Rapid determination of the coédrdinates of two characteristic points of 
the dissolved oxygen sag. 


Bb. Delimitation of the pollutional load that can be placed upon receiving 
waters. 

(. Correlation between dilution requirements and pollutional load. 

D. Non-mathematical generalization of the allowable loading of receiving 


waters. 


Notation.— Adopting, so far as applicable, the notation employed by 
Streeter and Phelps (see Figure 1): 


* See especially This Journal, 7 (1935), 251 and 534, and ‘‘ Modern Sewage Disposal,” Chapter 
17, Fed. of Sew. Works Assn’s (1938). 
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the dissolved-oxygen deficit at the point of pollution, initial or 

reference point, 7.e. the initial deficit of the receiving water at zero 

time; 

D = the deficit at any point distant a time of flow ¢ from the reference 
point; 

D, = the maximum, or critical, deficit at the lowest point of the sag 
distant a time ¢, from the reference point; 

D; = the deficit at the point of inflection in the sag distant a time ¢; from 
the reference point; 

L, = the first-stage biochemical oxygen demand (B.O.D.) at the reference 
point; 

L, = the first-stage B.O.D. on a per capita basis; 

X = the biochemical oxygen demand exerted in time ¢; 

L =L,— X = the B.O.D. remaining to be exerted at time ¢; 


k, = 0.4343 K, = the deoxygenation constant or reaction-velocity con- 
stant of the B.O.D.; 

k.y = 0.4843 K. = the reaeration constant or reaction-velocity constant 
of oxygen absorption from the atmosphere; 

. ko Ko . <a ‘ ‘ 

f = — == =the self-purification constant or reaeration-deoxygena- 
k, 
tion ratio, and 

S = the dissolved-oxygen saturation value at any temperature 7’. 


COORDINATES OF CHARACTERISTIC POINTS 


From an engineering standpoint, the dissolved-oxygen sag possesses 
two particularly interesting points: 


a. The point of maximum deficit, or critical point; and 
b. The point of maximum rate of recovery. 


In a mathematical sense, the point of maximum deficit is identified by the 
maximum of the dissolved-oxygen profile, while the point of maximum rate 
of recovery is identified by the point of inflection of the profile. It should 
be noted that the ordinates, D, of the profile are plotted downward, rather 
than upward; also that the maximum deficit coincides, of necessity, with 
the minimum dissolved-oxygen residual. Since the codrdinates of any 
point on the sag curve are time, ¢, and oxygen deficit, D, the critical point is 


defined by ae = 0 and whoa 
Yaad d 
dD 


‘di = 0. 








< 0, while the point of inflection is given by 


9 


1. Basic Equations.—As formulated by Streeter and Phelps the basic 
differential equation for deoxygenation and reaeration is: 
iD ' ; 
rid = K,L — KD (la) 
dt 
i.e. the rate of change in the oxygen deficit is equal to the difference be- 
tween the rate of B.O.D. and the rate of reaeration. Integration yields 
the following equations for the oxygen sag curve: 
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K,L, 
a Kit  o-Kei 1 
D K. ——K, ( og") + De (1b) 
or 
Dew a (10-*1* — 10-*#*) + D, - 10-*# (1c) 
2— Ky 


For reasons that will become apparent later, the author prefers to write 
equation (1c) as follows: 





wa eee ee es wd ax —(f-1 | eo —_[ 2 | | 
ales - 10-* | | 10-Y-Deit | 1 — 1) 5 (1d) 


4a 


For f = 1, or ke = ki, equations (1b to 1d) become indeterminate. A 
study of the limits yields the relationship: 

D = (2.303 bil, + D,) -10-*** for f= 1 (1d’) 

2. The Critical Point or Point of Maximum Deficit—The coordinates 

of this point are t, and D, (see Fig. 1). Taking the first derivative of 
equation (1b): 

1D La — i alot , ; 

= = (— Koew= aa K oe K2t) — K Da - eo Rat (2a) 

dt f-—1 

we can find the value of the critical time, t., by setting equation (2a) equal 


to zero. Dividing by the factor = 1 (— K,e-***), and simplifying, we 


e(Ke Rsavytc — =s[1- = 1) = LOUD Ait (2b) 


4 


have: 


and 


} i gl ) P| | 20 
Kile = 7 log J b= 9-95 f (2c) 


This equation, as well as equations (1b), (1c), (2a) and (2b), was first de- 


; ; — 
rived by Streeter and Phelps,* but the ratio, f = — , was not employed by 


ky’ 
them. For a value of f = 1, equation (2c) becomes indeterminate. 
Investigation of the limits yields the relationship: 


de ; 
kite = 0.4343(1 i 7) for f=1 (2¢’) 


To find the critical deficit, D., substitute 
I D 
J J ‘T., La 
from equation (2b), in equation (1d), then: 
La 
D, = 7 » 107* ite (2d) 
* U.S. Public Health Bulletin 146 (1925). 
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Also 
D. = =(Le — X,) (2e) 


because L, - 10~***« is the B.O.D. remaining to be exerted after time ¢. and 
must equal (L, — X.), where X, is the B.O.D. exerted during this time. 
The value of kit, from equation (2c) may also be substituted in the 
logarithmic transform of equation (2d), namely: 


Le | 
log D, = log — kit. (2f) 


Parenthetically, equation (2d) might have been derived more directly 
by placing the rate of deoxygenation equal to the rate of reaeration, a 
condition that obtains at the critical point, or by equating (la) to zero 
(K,L — KD = 0), whence 
K.D. = K,L, - 107" since L = L, - 107*** 


or 


Le 
a aia 


3. The Point of Inflection or Point of Maximum Rate of Recovery.—The 
coordinates of this point are ¢; and D; (see Fig. 1). Taking the second 
derivative of equation (1b): 

d?D La ina ee = : 
— = - -(K j2e-*1*§ — Ky%e-*2") + Ko?D, - e7*2! (3a) 
ae f-—! 
we can find the value of the time of inflection, ¢:, by setting equation (3a) 


equal to zero. Dividing by the factor —— i K °e-*"' and simplifying, we 


have: 
Pe 
and 
be cous. A ee ; al de 
sista FT Vata (A Ji-g- 7 (3c) 


For a value of f = 1, equation (3c) becomes indeterminate. Investiga- 
tion of the limits yields the relationship: 


iP , 
kit; = 0.4343 (2 ine oe) for f=1 (3c’) 


4a 


To find the inflection deficit, D;, substitute 


1 Ds | 
= = 90-U-D] a — (Ff — 1) — 
ji [a-y- 07 


from equation (3b) in equation (1d), then: 


D; - L, + 107" (3d) 
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and 


| ee wh 
i. ol 


The value of kit; from equation (3c) may also be substituted in the logarith- 
mic transform of equation (3d), namely: 


D; = (La — Xj) (3e) 


ioe La — kit: (3f) 
r 
4. Relation between Point of Inflection and Critical Point.—The co- 
ordinates of the point of inflection are calculated most readily by relating 
them to the codrdinates of the critical point. Subtracting equation (2c) 
from equation (3c) : 


log D; = log —— 


] 
ki(t; _ t.) = f—1 log f (4a) 
and for the special case of f = 1, ) 
ki(t; — te) = 0.4343 (4a) 


It should be noted that equation (4a) is the same as equation (2c) when 
D, = 
Dividing equation (3d) by equation (2d): 


D; | is fl + ] a 
5,” a ae  LOz (4b) 
Also 
D; 1 
log — D. = log oe — k(t; — t.) (4c) 


Application of Equations.—These equations facilitate rapid calculation 
of the codrdinates of the oxygen sag at its two characteristic points and 
permit sketching the profile of the sag, as far as the point of inflection, 
with sufficient precision for many engineering purposes. <A sample calcu- 
lation follows: 

Given D, = 3.2 p.p.m.; La = 20.0 p.p.m.; ki = 0.1 at 20° C.; ke = 0.24 
for a large stream such as the Ohio River; 








D 3.2 0).24 
oe = = —— = 2.4, 
a Oe 
Find a. From equation (2c): 
1 log 1.86 0.270 
le _<—— pa —_ A ‘ ) = — = = a) e 
kit. 4 oe l 4(1 — 1.4 x 0.16) ] 14 - 0.193 
and 
0.193 
SS Se 9: S. 
> 01 1.93 days 
b. From equation (2f): 


log D, = log = — 0.193 = 0.921 — 0.193 = 0.728 




















sO 


4% and At-%) for 








2a 
es 


450 SEWAGE WORKS JOURNAL May, 1939 


and 
D, = 5.3 p.p.m. 
c. From equation (4a): 
1 0.380 
as i Oe ie a ee 
k(t; — te) i4 log 2.4 i4 0.272 
and 
t; = 1.93 + 2.72 = 4.65 days. 
d. From equation (4c): 


D; 3.4 
— = — — ().272 = 0.152 — 0.272 = — 0.120 = 0.880 — 
log D. log DA 0.27 0.15 0.27 0.120 = 0.880 — 1 
and 
D; = 5.3 X 0.76 = 4.0 p.p.m. 


Graphical Presentation and Solution of Equations.—Equations (2c) and 
(2d), and by suitable adaptation also equations (3d) and (4a), lend them- 
selves to graphical presentation as shown in Fig. 2. For purposes of 


La f+1 D. 
js 7; ss 







Pe 
a 


Fig. 2.—Diagram permitting the determination of the codrdinates of the critical point and the 
point of inflection of the oxygen sag. 


generalization, L, and D, are here expressed in terms of the dissolved 
oxygen saturation value S, 7.e. the amount of oxygen that will saturate the 
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receiving water with oxygen. In fresh water at 20°C., for example, 
S = 9.2 p.p.m., and at 25°C., S = 8.4 p.p.m. 

The graphical solution of the sample calculations just given is as 
follows: 


a. Read for the intersection of the vertical through the abscissal value 


D. ee . 
of — = 0.16 with the curve marked f = 2.4, the ordinate kit, = 0.193, or 


4a 


t, = 1.93 days. 





4a ( : ] = y 
L. a a a 


nr . = Of c ae; Gy Ge ae, 
. For kit. = 0.193 and fS 24X92 s 


“7 


II 


D, = 0.58 X 9.2 = 5.3 p.p.m. 


Da 
La 


= 4.65 days. 


d. For k,(t; — t.) = 0.272 and 





c. For = Oandf = 2.4, read k(t; — ¢t.) = 0.272, ort; = 2.72 + 1.93 


D, 34. 5.3 
J+ AD. _ we 


ae g “3 4 9.2 -3 0.82, read 


) 
= = 0.44, or D; = 0.44 X 9.2 = 4.0 p.p.m. 


Limitations of Equations and Diagram.—The equations and the 
diagram representing them cannot be solved directly for the general case 
of finding the permissible loading, L., of a receiving water. A first esti- 
mate must be made of ZL, and the answer obtained by successive approxi- 
mation or graphical interpolation. Figure 2, however, does indicate the 
possible range of LZ, for a given value of f and D,. As will be shown, 
further analysis of the oxygen sag curve yields a fairly satisfactory method 
for solving this important problem. 


MaxiMuM LOADING OF RECEIVING WATERS 


Inspection of equations (2c) and (2d) or (2f) shows that the pollutional 
load that can be placed upon a stream, or other body of water, is deter- 
mined (1) by the value of the self-purification constant, /; (2) by the magni- 
tude of the critical deficit, D.; and (3) by the relative value of the initial 
deficit, Da. 

The Self-purification Constant, f—Present information indicates the 
following approximate values for the self-purification constant, f, at 
20° C. (t.e. foo) : 


Nature of Receiving Water Value of foo 
a. Small ponds and Packwaters. .. 6.60666 es cas eee ee ot 0.5 to 1.0 
b. Sluggish streams and large lakes or impounding reservoirs 1.0 to 1.5 
¢. Datge streams’ or low velocity... ... 205 os. ee eee ces 1.5 to 2.0 
d. Large streams of normal velocity..................... 2.0 to 3.0 
OWA GS UME UENIR oS earth sia toh pe aie fas. aks, 5.5" paniaid wrasse relere 3.0 to 5.0 
if RU LS UNG UIUC TUL oo 25 oc ay 8 ais bs Dawe ed ow 8 oasis ae above 5.0 


Obviously this classification of waters is not sharply defined. Each class 
merges into its adjacent class, and there is appreciable variation within the 
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general types of waters that are here only roughly described in words. 
At temperatures (7’) other than 20° C., the self-purification constant /;, 
bears the following relation to fo: 


fr = foo X 0.970°7- (4e 


This follows from the well-known equations of Streeter, Phelps and 
Theriault : 


kur = ki20) x 1.04767-2) and kocry — ko20) p< 1.0159°7—2 


The magnitude of /, therefore, decreases with rising temperatures and in- 
creases with falling temperatures by about 3 per cent compounded per 
degree Centigrade. The relative magnitude of f at temperatures other 
than 20° C. may be read from the following schedule : 

Temperature C. 5 10 15 20 25 30 

Relative value of f 1.58 1.35 1.16 1.00 0.859 0.737 
A wider use of the concepts of the oxygen sag should lead in time to 
closer definition of the magnitude of f for different types of receivir 
waters. 

The Critical Deficit, D..—If septic conditions are to be avoided tl 
upper limit of the critical deficit is the dissolved-oxygen saturation valu 
S, of the receiving water, 7.e. 9.2 p.p.m. at 20° C. and 8.4 p.p.m. at 25° C. in 
fresh water. For the maintenance of normal fish life the dissolved- 
oxygen content apparently must not fall below 3 to 5 p.p.m., corresponding 
to an allowable critical deficit at 20° C. of 6.2 to 4.2 p.p.m., and at 25° C. of 
5.4 to 3.4 p.p.m. 

The Initial Deficit, D,..-For given values of f and D., the maximum 
loading of receiving waters is circumscribed by the initial deficit, Du. 
This deficit has two limiting values: (1) zero deficit when the stream is fully 
saturated with oxygen at the point of pollution, and (2) a deficit equal to 
the critical deficit. These two boundary conditions are illustrated in 
Fig. 3 and define the upper and lower limits of maximum loading of receiv- 


_ tee 
[me 4 
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Point of pollution 


Fig. 3.—Boundary conditions for maximum loading of receiving waters in relation to the 
oxygen sag. 


ing waters. All permissible maximum loadings must lie between the two 
boundary values. 

These boundary restrictions establish certain simple mathematical 
relationships for the maximum loading of receiving waters and for the 
coérdinates of the characteristic points of the dissolved oxygen sag. 
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5. Upper Limit of Maximum Loading.—In the most favorable circum- 
stances, the receiving water is fully saturated with oxygen at the point of 
pollution and D, = 0 (Fig. 3a). If a certain oxygen concentration equal 
to or greater than zero is to be maintained, the maximum allowable oxygen 
deficit equals the critical deficit D... The allowable loading, L.’, and the 
codrdinates t,’ and t;’ and D,’ are then defined by the following equations: 

For D, = 0, equation (2c) becomes: 


1 a 
kt.’ = po log f (5a) 


and for a value of f = 1, 
kite’ = 0.4343 (5a’) 
To find the allowable loading, L.’, equations (2d) and (2f) may be 
transformed to read: 


ae 
pa oe - 10 *1t- ~ 
D, -<y (5b) 
or 
log D. = log f + kit.’ (5e) 
Also 
ba — i 
From equations (4a) and (5a): 
] . 
ki(t;’ — t.') = a lon f = kt,’ (5d) 
or , 
t;’ = 2t,' (5e) 
From equations (4b) and (5d): 
D; f+ . 
sR ae me | () aa a 5f 
D. f (5f) 
From equation (5b): 
D;’ D, 
— = 1) — 5 
D. (J + To? (5g) 


6. Lower Limit of Waximum Loading.—In the most unfavorable cir- 
cumstances, the dissolved-oxygen deficit of the receiving water at the 
point of pollution reaches a value equal to the allowable or critical deficit 
and D, = D, (Fig. 3b). The allowable loading, L,’’, and the coérdinates 
(.’’ and t,;’’ and D;”’ are then given by the following equations: 


To meet the condition that D, = D.: 


i,” = (6a) 
The allowable loading, L.’’, equations (2d) and (6a) state, is: 
mm 4 , 
=f (6b) 





D. 











454 SEWAGE WORKS JOURNAL May, 1939 





From equations (4a), (6a) and (5a), it follows that: 


































l log f 
i ee ee se) 
j-!1 hy Y 


From equations (4b), (6a) and (6c): 


Di" f+ 
—— = we 10 Kyte O« 
D. f _ 
From equation (5f) : 
b* . a ” 
D. = D. or D;”’ = D,' (6e) 


The ratio of the upper to the lower limit of maximum loading, in log- 
arithmic form, therefore equals 


L,’ 
log 


ep = 5 ‘ 1 log f = kit.’ (6f) 

Solution and Graphical Presentation of Boundary Equations.—It will be 
noted that the allowable loading and the coérdinates of the characteristic 
points in the oxygen sag may be generalized in terms of the critical deficit 
D,. and that they then become simple functions of the self-purification 
coefficient f. Hence their values, for various magnitudes of f, may be 
expressed in simple tabular or graphical form, as shown in Table I and in 
Fig. 4. 

Certain features of the boundary equations should be emphasized, 
because their inherent simplicity establishes certain concepts of the reac- 
tion of receiving waters to pollution that are easily carried in mind. 

1. The lower limit of allowable loading of receiving waters equals / 
times the allowable dissolved-oxygen deficit. 

2. The upper limit of allowable loading is about twice the lower limit 
in normal streams, increasing for lower values of f and decreasing for 
higher ones. 

3. The inflection deficit is close to three-fourths of the allowable, or 
critical, deficit in almost all classes of waters. 

4. For the upper limit of loading the critical time, in normal streams, 
is about three days at high summer temperatures, and the inflection time 
about six days (7.e. twice as long). The time factor increases for lower 
values of f and decreases for higher ones. 

5. For the lower limit of loading the critical time is zero and the inflec- 
tion time in normal streams at high summer temperatures is about three 
days, increasing for lower values of f and decreasing for higher ones. 

Sample Calculations.—The use of the boundary equations and of Table 
I and Fig. 4 is illustrated in the following sample calculations: 

Given f = 2.4 (ke = 0.24 and k, = 0.10 at 20°C.); S = 9.2 p.p.m.; 
and the maintenance of a minimum dissolved-oxygen content of 4.0 p.p.m., 
i.e. D. = 9.2 — 4.0 = 5.2 p.p.m. 

Find from the equations, the table and the diagram: 
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TasiEe 1.—Maximum Loading of Receiving Waters and Coérdinates of Characteristic Points of Oxygen 
Sag under Conditions of Maximum Loading 


Class of 
eceiving Water 


(O) 


Small Ponds 
and Back- 


waters 


Sluggish 


Streams and 
Large Lakes 


Large Slow 


streams 


Large Normal 
Streams 


Swift Streams 


Rapids and 
Waterfalls 


I| 


II 


| Self-Purifiea- 
| tion Constant, | 
f, or Deoxyv- | 

| genation-Re- | 
aeration Ratio | 
kolki | 


| (1) 


| 0.2 | 
0.4 | 

0.6 
| 0.8 


1.6 | 
1.8 
2.0 


bo bo bo bo 
S bo 


oe 


oO 


om BW W 


6.0 
8.0 
| 10.0 
| 15.0 
| 20.0 


25.0 


Upper Limit 


I 


- rg log f = 


.72 days 


Shite’ 


4.49 


4.49 X 5.2 





Maximum Loading 





Lower Limit 
ID. 


log 2.4 _ 


25.0 


4a 


(2) (3) 
0.2 1.50 
04 | 1.84 
0.6 | 2.15 
08 | 2.44 
10 | 272 
1.2 2.99 
1.4 3.24 
16 | 3.50 
1.8 3.75 
2.0 1.00 
32 1.26 
24 | 4.49 
2.6 1.72 
28 | 1.96 
| 
36 | #826 
315. |} 5.78 
4.0 6.36 
4.5 | 6.92 
5.0 | 7.48 
6.0 | 8.63 
8.0 | 10.8 
10.0 | 12.9 
15.0 Fae ct 
90.0 | 2. 
25:6 


Upper Limit 
La’/De 


Cr 


kite 


Lit 


Lower Limit 


flection Time 
te’? for 


_ aes | 
itical Time 
’ for Upper | 


nit and In- | 


v1 


Inflection 
Time kiti’ for | Deficit Di’/De- 
Upper Limit | LI 


(4) 5) 
0.874 | 1.75 
0.663 | = 1.33 
0.554 | 1.11 
0.484 | 0.97 
0.434 | 087 
0.396 | 0.79 
0.365 = | 0.73 
0.340 | 0.68 
0.319 | 0.64 
0.301 | 0.60 
0.286 | 0.57 
C272. | 0.54 
0.259 | 0.52 
0.248 | 0.50 
0.239 0.48 
0.218 0.44 
0.201 0.40 
0.187 | 0.37 
0.175 | 0.35 
0.158 | 0.32 
0.129 | 0.26 
0.111 0.22 
0.084 0.17 
0.068 0.14 


0.058 0.12 


Maximum Loading 


——- = (), 
1.4 


23.4 p.p.m. 


2.4 X 0.272 = 0.652 


sa ”r 


| Inflection 


and Di’’/D- 





0.88 
0.90 


| 0.91 


Lower Limit 
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Genera/ Character of Receiving | Woter at 20°C. 
Smotl Ponds & Backwaters a 


ore 


Slow Norma/ 
taxes 


Upper Limit of Aasimum 
Allo onary Loading, fa 


+ Cc 
$2-0 


| 
Lower 4 iit of Maximum | 
Allowabl/e L 04ND, La 


| | 


Se/F purification Constant -f= 





al 0.2 0.3 OA O506 O08 1.0 20 40 $060 /0 20 30 


Fig. 4.—Diagram for the determination of the maximum allowable loading of receiving waters and 
the associated coérdinates of the critical point and point of inflection of the oxygen sag. 


j ¢ = 2,’ = 2 X 2.72 = 5.44 days t;’’ = t,.’ = 2.72 days 
D,’ D, 3.4 
d.$ — = (f+ 1) —=- = 0.757 ——- — 
ee gs gag ee 
D;' = 0.757 X 5.2 = 3.94 p.p.m. D;"’ = D,' = 3.94 p.p.m. 
is: , ~ 
e. log —, = kit.’ = 0.272 and 
La 
Ny \= 
i” = lac, 


The allowable loading of the —_ im, therefore, lies between 12.5 and 
23.4 p.p.m. for initial deficits of 5.2 and 0.0 p.p.m., respectively. 

If the initial deficit is neither 5.2 nor 0 p.p.m., but 2 2.0 p.p.m., the allow- 
able loading is neither 12.5 nor 23.4 p.p.m. but must lie somew here between 
these boundary values. The proper magnitude may be ascertained with 
the aid of Fig. 4, as follows : 


} 





—S 








» 
9 
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Du 2.0 € md 
a. Read for — = ~~ = 0.385 and f = 2.4: 
D. 5.2 
BY 4.1 or L, = 4.1 X 5.2 = 21.3 p.p.m. 
dD, 
b. Read in Fig. 2 fo De s 0.094 and f = 2.4 
. Res ‘ig. 2 for — = —— = 0.094 ¢ = 2.4: 
». Read in Fig ‘FT “gs 
kit. = 0.227 or t, = 2.27 days. 


The curves between the upper and lower limits of maximum leading stem 
from equations (2c) and (2d) and were calculated by the author’s colleague, 
Dr. H. A. Thomas Jr., by approximating the combined equation by a 
Taylor series. 


DILUTION REQUIREMENTS 


Engineers have long been familiar with the converse of allowable load- 
ing of streams, namely required dilution. This parameter is commonly 
expressed as required stream flow, Q, in cubic feet per second per 1000 
population and varies, according to different authorities, under different 
conditions of initial deficit and character of stream flow, from a low value of 
2.5 ¢.f.s. up to a high value of 10 c.f.s. per 1000 population. The values 
assigned to required dilution were based, in general, on observations of the 
condition of streams receiving municipal sewage from combined systems. 
The biochemical oxygen demand of the daily pollutional load, therefore, 
may be estimated ‘at 0.17 lb. per capita at 20° C. in 5 days. The corre- 
sponding first-stage demand, L,, is 0.25 lb. at 20° C. and 0.275 lb. at 25° C., 
close to the maximum summer temperature of most streams in temperate 
climates. Industrial wastes, in significant amounts, may be allowed for 
by expressing their B.O.D. in terms of their population equivalent. The 
per capita values of Le.20) = 0.25 Ib. and L..25) = 0.275 lb. are equivalent 
respectively to L..20) = 46.4 p.p.m. and L..25) = 51.0 p.p.m. for each cubic 
foot per second of required dilution per 1000 population. For temperatures 
other than 20° C., L.c7) = 46.4[1 + 0.02(7 — 20) ] as shown by Streeter, 
Phelps and Theriault. 

Formulation of Dilution Requirements.—The boundary equations for 
the allowable maximum loading of receiving waters are readily translated 
into equations for the required dilution, Q. 

7. Required Dilution.—Since Q = L./La, the lower limit of required 
dilution, Q’, is given by substituting for LZ, in equation (5c) the value 


L, 
“| 


and solving for Q, or: 


log Q’ = log L ein log f (7a) 


mf 
Por jf = 1, 

- 15s ; or 

log Q’ = log .* 0.4343 (7a’) 


c 
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Similarly, the upper limit of required dilution, Q’’, follows from equation 
(6b): 


L. ™ L. . 
Q” = 7D. or log Q”’ = log “iors log f (7b) 


The ratio of the upper to the lower limit of required dilution in loga- 
rithmic form, therefore, equals: 
8 il l i" 


log Q’ = 7-3 log f = log i (Ze) 

For f = 1, 
l 2" = 0.4343 7 
ia” late (7¢’) 


t 


The values of Q’ and Q”’ may be obtained from columns (2) and (3) of 
Table I or from the lines of maximum loading, in Fig. 4 since: 
£ 
not L. ca’? L. 


~ ee: a (7d) 
D.- OD, D. QD. d 


c 


Sample Calculations.—The use of these equations in connection with 
Table I or Fig. 4 may be exemplified as follows: 





Given f = 2.4, L, = 46.4 p.p.m., a required oxygen residual of 4 p.p.m. 
and a temperature of 20° C., i.e. D. = 9.2 — 4.0 = 5.2 p.p.m. 
Find, for f = 2.4, in Fig. 4 or Table I: 
? L,"" 
a. = 4.49 and -= 2,4 
D. D, 


b. From equation (7d): 


?’ sla ec 2.0 c.f 1000 lati 
= — = - = 2.0 c.f.s. per atlo 
ay "S53 nae ( pel population 
and 
Lis 46.4 es 
Q”’ = = = 3.7 ¢.f.s. per 1000 population 


Di.” 52x34 

If the water temperature were 25° C., instead of 20° C., the following 
changes would be effected : 

(1) f=24 xX 0.97¢ = 2.4 x 0.86 = 2.1 

(2) L. = 46.4[1 + 0.02(25 — 20)] = 51.0 p.p.m. 

(3) D, = 8.4 — 4.0 = 4.4 p.p.m. 
For these conditions, find, for f = 2.1, in Fig. 4 or Table I: 
a” ay 


= 4,13 and — = 2,1 


(@) >». D. 


(b) From equation (7d): 
51.0 


Q’ = ————_ = 2.8¢.f.s. per ati 
y tA x 418 c.f.s. per 1000 population 
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and 





4... 
Q= 44 x 2.1 


A rise in temperature from 20 to 25° C., therefore, increases the lower 
limit of required dilution by 40 per cent and the upper limit by almost 
50 per cent. 

Correlation between Required Dilution and Allowable Loading.—lIt is of 
some interest, in connection with the question of required dilution, to work 
back from the outside values of 2.5 and 10 c.f.s. per 1000 population with 
a view to ascertaining the type of stream, as characterized by f, that would 
take care of the pollutional load imposed upon it. 

Calculations made with the aid of equation (7b) and Fig. 4 show the 
values given in Table II for: 


= 5.5 ¢.f.s. per 1000 population 


TasieE I].—Values of the Self-Purification Constant, f, Corresponding to Certain Required Dilutions 


Calculations are based upon combined sewage and a temperature of 25°C. The values of f are 
reduced to a base temperature of 20° C.) 





Oxygen Conditions Dilution—e.f.s. per 1000 Population 
Residual Oxygen | ie ree | | b 
PPM. Initial Deficit | 10.0 | 4.0 | 2.5 
0.0 Zero i <08 | f =0.3 j=l 
1.0 Zero f=@l _ f=3.2 
0.0 Critical f= O57 f=18 f =28 
1.0 Critical f=14 | f=34 f=54 
— “ | — SS SS 
Class of Stream—Range | Backwater to | Backwater to | Sluggish to rapids 
sluggish swift 
(oa 2 St ee ee 
Average Sluggish | Large with slow Swift 
velocity 








a. Hazen’s estimate of 1898 that a sluggish stream, already partially 
depleted of oxygen at the point of sewage discharge may require a runoff of 
as much as 10 ¢.f.s. per 1000 population; 

b. Stearns’ estimate of 1890 that the lowest required dilution of normal 
streams is 2.5 ¢.f.s. per 1000 population; and 

c. the common value of 4 ¢c.f.s. per 1000 population. 


It is evident that the modern mathematical formulation of the oxygen 
sag is in full agreement with the engineering judgment of early investiga- 
tors and that the values by suggested Hering, Stearns, Hazen and Good- 
nough may well continue to serve as general measures of required dilution 
in those classes of streams for which the values were first considered 
applicable about half a century ago. 


Non-MATHEMATICAL GENERALIZATION OF ALLOWABLE LOADING 


The calculus involved in this analysis of the Streeter and Phelps dis- 
solved-oxygen sag is of a simple order. Nevertheless, the author is not 
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sufficient of a mathematical snob to leave, with this figurative wave of the 
hand, those of his professional associates who, on principle, shy away from 
mathematics. It is indeed an easy matter to develop, by means of the 
various formulations, tables and graphs presented in this paper, a general- 
ized table that will make some of the most interesting results of the analysis 
available to all. Such is the purpose of Table III. But a warning is 


TaBLE III.—Allowable B.O.D. Load-factor, F, and Associated Critical Time, t., of Receiving Wate 


Allowable 5-day, 20° C. B.O.D. (La) = Load-factor (F) X Critical deficit (D.). Critica 
deficit (D.) = Dissolved-oxygen saturation value (S) — Lowest allowable dissolved-oxygen content. 


Load-F actor, F 


Lower Limit * Upper Limit ¢ 
Class of Receiving Water aaa casas ae 
ip « 20° ¢ 25° % [5° * 20° ¢ 25° ( 
1. Small ponds and backwaters 0.6 | 0.5 04. | 22 1.6 Ls 
2. Sluggish streams and large lakes | | 
and reservoirs . 1 09 | O07 | 27 | 21 1.6 
3. Large slow streams 1.6 1.2 09 | 32 | 25 2.0 
4. Large normal streams ae 1.7 13 | 40 | 3.2 25 
5. Swift streams 3.5 2.7 21 | 5.4 | 1.3 | 3.3 
6. Rapids tf... 22 17 13 | 25 20 16 
Critical Time, ¢, § 
1. Small ponds and backwaters 0 0 0 | 5.9 5.0 1.3 
2. Sluggish streams and large lakes | | 
and reservoirs. . 0 0 0 1.5 | 3.9 aes: 
3. Large slow streams 0 0 0 3.8 3.2 | 2.8 
4. Large norma! streams 0 | 0 0 | 3.0 | 26 | 2.3 
5. Swift streams. . . 0 0 0 7a 2.0 1.8 
6. Rapids { oe : 0 0 0 | 0.6 0.6 0.5 


* When this dissolved-oxygen content of the receiving water immediately below the point of 
sewage discharge is at the lowest allowable value, 7.e. when the dissolved-oxygen deficit is at its 
maximum or critical value, D.. 

7 When the dissolved-oxygen content of the receiving water immediately below the point of 
sewage discharge is at the saturation value of 10.2, 9.2 or 8.4 p.p.m. at 15, 20 or 25° C. respectivels 
in fresh water. 

t Varying greatly with the nature of the rapids. 

§ Time of flow between point of sewage discharge and critical point (point of maximum, ot 
eattioal, deficit or of lowest allowable dissolved-oxygen content). 


attached. The figures listed are based on the author’s best estimate of 

the self-purification constant, /, for different types of receiving waters; also 

they are restricted by the fact that an average value has been chosen to 
represent a range of magnitudes. 
An example will illustrate the use of Table III. 

(a) What is the maximum allowable 5-day 20° C. B.O.D. of the water in a 
large slow stream immediately below the point of sewage discharge, if 
the water temperature is 25°C. and the lowest allowable dissolved- 
oxygen concentration of the stream is to be 5.0 p.p.m.? 


From Table III, the load-factor F = 0.9 (lower limit) to 2.0 (upper 
limit); also the critical deficit D. = 8.4 (saturation value) — 5.0 (lowest 








le 


ie 
i 


A 
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allowable value) = 3.4 p.p.m. Hence the maximum allowable 5-day, 

20°C. B.O.D., La = FD., lies between 0.9 X 3.4 = 3.1 p.p.m. and 

2.0 X 3.4 = 6.8 p.p.m. 

(b) If the 5-day, 20°C. B.O.D. of the sewage discharged is 180 p.p.m., what 
is the required dilution in river water? 


, er : 180 . : 180 = 
The required dilution lies between 317 58.1 fold and ra 26.5 fold. 
oO. ).c 


If the stream water itself has a B.O.D. when it arrives at the point of 
sewage discharge, this value must be subtracted from the allowable values 
before making the division. 


(c) If the per capita flow of sewage is 80 g.p.d., what vs the required stream 
flow in cubic feet per second per 1000 population? 


Since 80 X 1000 g.p.d. = 0.124 ¢.f.s. per 1000 population, the required 
stream flow lies between (58.1 — 1) X 0.124 = 7.1 and (26.5 — 1) X 0.124 
= 3.2 ¢.f.s. per 1000 population. 


(d) How far away from the point of sewage discharge will the lowest dissolved- 
oxygen concentration be experienced? 


From Table III, the critical time, ¢,, lies between 0 and 2.8 days. The 
distance in miles, therefore, equals the stream velocity in miles per day 
times the critical time. For the lower limit of loading the distance is 
always zero. 

Limitations of Discussion.—It has been assumed throughout this paper 
that the sewage matters reaching the receiving water will remain in suspen- 
sion and that they will decompose aerobically in accordance with the 
normal law of biochemical oxidation. If some of the solids settle to the 
bottom of the receiving water, the conditions of deoxygenation and reaera- 
tion will be changed. There are various ways of taking this phase of the 
problem of sewage disposal by dilution into account. None of them is very 
satisfactory, because the required knowledge of existing conditions is sel- 
dom complete enough to permit of rigid mathematical interpretation. 
The information included in this paper applies only to receiving waters 
into which settled sewage is discharged or which are otherwise sufficiently 
swift to prevent the deposition of decomposable solids. 








ACTIVATED SLUDGE OXIDATIONS 


II. A COMPARISON OF OXYGEN UTILIZATION BY ACTIVATED 
SLUDGES OBTAINED FROM FOUR WISCONSIN 
MUNICIPALITIES 


By C. N. Sawyer anp M. Starr NicHOo.Ls 


State Laboratory of Hygiene, University of Wisconsin, Madison, Wis. 


Activated sludge, until recently, has been considered by many work- 
ers to be a definite entity. This concept has led to a quite uniform 
design of activated sludge plants with provisions made mainly for 
variations in sewage strength as measured by the B.O.D. The recent 
work of several investigators has indicated that activated sludges from 
separate sources might have widely different characteristics, and this 
paper is presented to support this contention. Recognition of this 
variable alone will be of little value to the designing engineer unless the 
‘ausative factors responsible for such changes are determined. The 
work of Heukelekian and Ingols (1), in which they compared several 
activated sludges on the basis of carbon dioxide production, indicated 
that the rate and manner of oxidation probably varied greatly with the 
different sludges and sewages used. Bloodgood (2) has shown that 
the activity of the activated sludge at the Indianapolis plant can vary 
widely even in as short a period as two weeks. Ruechhoft, MeNamee, 
and Butterfield (8) have reported that the biochemical character and 
activity of sludges are important in determining the amount of oxygen 
used to stabilize equivalent amounts of food material. They also have 
reported that the amount of oxygen used by activated sludges in 
stabilizing sewages may vary from 40 to over 100 per cent of the 5-day 
B.O.D. depending upon the extent of nitrification. 

While investigating the rate of oxygen utilization by activated 
sludge-sewage mixtures with the aid of the ‘‘Odeeometer’’ and the 
chemical method (4) during 1936-7, it was found that the rate eurves 
on sludge-sewage mixtures differed widely for the different plants 
visited but were quite consistent over a short period for a given plant. 
This was considered as due possibly to the difference in character of the 
sewage as well as the activated sludge. 

With the development of the Oxy-Utilometer, which has been previ- 
ously described (5), (6), it became possible for one person carrying on 
independent research to compare, simultaneously under identical con- 
ditions, sludges and sewages from different sources. 

Metuops aNp Sources oF MATERIALS 

All investigations involving the oxygen utilization by various ac- 
tivated sludges were made using four Oxy-Utilometer units operated 
under controlled temperature conditions. 

Activated sludge A was collected on January 12, 1988, and was kept 
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under laboratory condition with bi-daily feeding on Sewage A for 60 
days prior to and during the course of these experiments. This sludge 
was used as a common means of comparison of the other sludges since 
in all runs it was used as a control or reference sludge. 

Activated sludges and sewages were collected between the hours of 
Sand 10 A.M. at three other activated sludge plants in Wisconsin and 
transported by auto to the laboratory. The maximum time elapsing 
between the collection of the samples and the start of the experimental 
run was about three hours. As soon as the activated sludges were 
brought to the laboratory they were aerated vigorously until all neces- 
sary preparations prior to the start of the run had been made, usually 
about 30 minutes. Just prior to charging the instruments the sludges 
and sewages were adjusted to the temperature at which the run was to 
he made. Two of the instruments (for example No. 1 and No. 2) were 
charged with equal portions of Sludge A and the other two (No. 3 and 
No. 4) were charged with the other sludge being studied on that day 
(as example Sludge C). Sewage A was then added to one of the 
iustruments containing Sludge A and to one containing Sludge C. 
Sewage C was added to the other two instruments. In this manner 
each sludge was used to oxidize and stabilize a sewage to which it was 
accustomed and also a foreign sewage. 

Base rates (sludge without sewage addition) of oxygen utilization 
by the activated sludges were obtained the next day after the samples 
were collected. The sludges were aerated during this twenty-four 
hour period without addition of food. 


KXPERIMENTAL RESULTS 


A preliminary run was made in which Sludge A and Sludge C were 
used to oxidize separate portions of Sewage A. In this particular run, 
two instruments, No. 1 and No. 4, were each charged with identical 
mixtures of Sludge A and Sewage A and instrument No. 3 was charged 
with Sludge C and Sewage A. The results of these runs are shown in 
Graph 1. The ability to duplicate results with the Oxy-Utilometers 
is shown by the similarity and closeness of the curves for instruments 
No. 1 and No. 4 which had identical charges of sludge and sewage. The 
oxygen utilization rate curves for Sludge A and Sludge C are, however, 
in marked contrast. The smaller amount of oxygen used by Sludge C 
indicates that such a sludge would favor much more economical plant 
operation provided comparable purification was obtained. The results 
of 5-day B.O.D. values obtained on the supernatants at the end of the 
run showed a 96.4 per cent reduction by Sludge A and 93.6 per cent 
reduction by Sludge C. This marked difference in oxygen utilization 
with comparable purification during a four hour aeration period gave 
the necessary impetus to the remainder of the investigations presented 
in this paper. 

Since Sludge A had been fed under laboratory conditions for a 
period of about 60 days at the time it was decided to compare the vari- 
ous activated sludges, the first step in the comparative study was be- 
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tween Sludge A and a new portion of Sludge AA, obtained from the 
same source. This study was made purposely to determine whether 
Sludge A had changed materially under its laboratory environment. 
Results of the comparison are given in Graph 2 and show that the 
character or type of the oxygen utilization curves is the same, but the 
curve produced by Sludge AA is of a much greater magnitude even 
though the amount of suspended solids used was less than for Sludge A. 
The much larger demand for oxygen by Sludge AA (about 2.5 times 
greater) at the end of 5 hours aeration is to be noted particularly. This 
fact, coupled with the greater overall magnitude of the curve given by 
Sludge AA, shows that it is impossible to compare the amount of work 
being accomplished in an activated sludge plant by considering only 
the concentration of suspended solids carried in the aerators. 
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Sludges C, D, and E were compared, one at a time, with Sludge A. 
The results of these comparisons are shown in Graps 3, 4, and 5. It is 
of interest to note that Sludge A gave the same type of oxygen utiliza- 
tion rate curve regardless of the sewage being oxidized by it. When 
oxidizing Sewage © (Graph 3), the curve during the first 90 minutes 
differs considerably from that given by another portion of the same 
sludge which was oxidizing Sewage A. No explanation is offered for 
this anomaly. 

The type of oxygen utilization curves produced by Sludges C, D, and 
EK do not appear to differ in any radical manner when oxidizing the 
foreign Sewage A, from the curves given when each was oxidizing sew- 
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age to which it was accustomed. This correlates with the behavior of 
Sludge A and indicates that the sewage is probably not an important 
immediate factor in determining the type of curve produced provided 
the sewage constitutes a well-balanced diet with respect to carbonaceous 
and nitrogenous materials. 

Base rates of oxygen utilization by activated sludges alone, obtained 
after 24 hours of aeration without feeding, were found to hold fairly 
constant in most cases during the course of a three or four hour run. 
All results are shown on Graph 6. In each ease the letter of the sludge 
denotes the souree while a numeral preceding the letter denotes a second 
run made at a later date, in most cases with a new supply of sludge 
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from that souree. Outstanding among the base rate curves is that 
viven by Sludge EK. The run made on 3/17/38 showed a rapidly de- 
creasing oxygen usage which dropped from a value of 60 at the begin- 
ning of the run to 47 about 5 hours later. Because of this characteris- 
tic, a base rate run on this sludge was made again at the end of 48 hours 
aeration without feeding. This sludge is denoted by 2K and shows a 
much more stable sludge since the rate does not change materially dur- 
ing the course of the run. It should be mentioned that the ash content 
of this sludge increased from 23.4 per cent as collected at the plant to 
25.6 per cent after 24 hours aeration without feeding and at the end of 
48 hours aeration the ash content had increased to 29.0 per cent. 

A mixture of Sludges 2A and 2E (50-50) was studied in one of the 
instruments at the same time that base rates were determined for each 
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separately. Instead of the mixture giving a rate which was an average 
of that for Sludges 2A and 2K, it gave an unexpectedly high rate 
(Graph 6). This phenomenon has since been verified on new portions 
of these same sludges and indicates that the end-products of oxidation 
of one: sludge are not necessarily the end-products of the other, and 
that the products of one sludge may become food for the other. This 
experiment was originally tried because of the marked difference in 
physical and microscopic appearances of Sludges 2A and 2E. 

An attempt has been made to correlate the base rates of oxygen 
utilization by activated sludges on the basis of the suspended solids 
concentrations in Table I. Although the sludges are arranged in order 


TaBLE I.—Cemparison cf Base Rates * of Oxygen Utilization of Activated Sludges at 20° C. 
on the Basis of Suspended Solids Concentration 


oe SS. Cone. | Base Rate in P.p.m. | Mg. of O2 per Hour 
in P.p.m. of O. per Hour | per Gram of Sludge 
| 
AA 1,320 34 | 7.9 
2k 4,480 30 | 6.7 
D 5,200 45.5 8.7 
EK 5,360 52 9.8 
2A 5,560 20 3.6 
2C 8,720 39 4.5 
A 9,400 21 2.25 
C 10,120 21.5 2.12 
A 10,240 19.0 1.85 


* Base Rate—Rate of oxygen utilization by activated sludge alone after twenty-four hours 


aeration without feeding. 


of their increasing suspended solids concentrations, it can readily be 
seen that the base rates do not increase accordingly. A comparison 
made on the basis of one gram of sludge also shows no constant value, 
since the results vary between 1.85 and 9.8 milligrams per hour per 
gram of dry sludge. It would seem that a better basis of comparison is 
the volatile solids content, since the biological life responsible for the 
oxygen utilization is more closely related to that part of the suspended 
solids. Sueh a comparison is made in Table II. In this table the 


c 


TaBLE II].—Comparison of Base Rates of Oxygen Utilization of Activated Sludges at 20° C. 
on the Basis of Volatile Solids Concentration 


Mg. of Oy» per Hr. 





— | eo | ee 

; aaa care | Volatile Solids 
2E 3,180 30 9.4 
AA 3,450 34 9.9 
E 4,000 HY 2 13.0 
2A 4,030 20 5.0 
D 4,300 45.5 10.6 
A 6,300 21 3.35 
2C 6,400 39 | 6.1 


\ 6,800 | 19 2.8 
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sludges are arranged in order of increasing volatile solids content, but 
the base rates are seen not to increase in a like manner. A comparison 
with respect to oxygen used per gram of volatile solids, also shows a 
variation of from 2.8 to 13.0 milligrams per hour which definitely in- 
dicates that the volatile solids of one sludge may be entirely different in 
activity from the volatile solids of another sludge. With such wide 
variations in oxygen utilization per unit weight of suspended or volatile 
solids it does not appear possible to predict sludge activity from these 
characteristics alone. 
Discussion 


The marked difference in the oxygen utilization rate curves pro- 
duced by different activated sludges when oxidizing the same sewage 
and the similarity of the curves produced by a given sludge when oxi- 
dizing different sewages seems to indicate that we must seek for an 
explanation of the variations in the biological make-up of the sludges. 
Since no measure of the extent of nitrification was made during the 
course of any of these experiments, the authors are not in a position 
to state definitely whether the marked difference in amount of oxygen 
used by Sludges A and C to treat Sewage A (Graph 1) can be attributed 
to such a factor. 

3ecause Sludge A, the one kept in the laboratory and fed on Sewage 
A for 60 days prior to its use in these experiments, showed a decidedly 
different type oxidation curve from those given by the other sludges 
used, this sludge was compared a second time to a fresh portion of 
Sludge A called 2A for differentiation. Results of this comparison 
again showed that the sludge being fed in the laboratory gave the same 
type of oxidation curve as the sludge obtained directly from the plant, 
the only difference of consequence being a higher activity for the new 
portions. 

Of the oxygen utilization curves given by the different sludges, that 
for Sludge A is exceptional while those for Sludge C and Sludge D 
resemble each other very closely. The curves given by Sludge C on 
the two different occasions, 2/15/38 (Graph 1) and 3/21/38 (Graph 3), 
appear to be of exactly the same character. The curves produced by 
Sludge EK (Graph 5) resemble those for Sludges C and D quite closely, 
except that the one given by Sludge E when oxidizing Sewage E shows 
a constant value for a short period at the beginning of the run. From 
these results, it appears that we may expect to encounter rate curves 
of at least three types in activated sludge-sewage oxidations. 

The magnitude of the oxygen utilization by a given activated sludge 
when oxidizing sewage does not appear from these studies to be a fixed 
value depending only on sludge condition and activity as was suggested 
by Kessler and Nichols (8). In all the cases shown which involve 
oxidation of two different sewages by identical portions of the same 
sludge, the sewage having the greatest 5-day B.O.D. caused the greatest 
demand for oxygen per unit time. This is shown most markedly by 
Sludges A and EK (Graph 5) when oxidizing Sewage A (5-day B.O.D. 
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= 302) and Sewage FE (5-day B.O.D.= 563). In both cases the rate 
eurves for oxidation of Sewage E were considerably above those for 
Sewage A. 

Experience with the rate of oxygen usage by the various activated 
sludges in different stages of oxidation, when dosed with sewage, in 
conjunction with decreasing base rates of sludges alone has led the 
authors to believe that the activity of a sludge is greatly decreased as 
the percentage of ash content slowly increases. Grant, Hurwitz and 
Mohlman (7) have shown that the rate at which activated sludges use 
oxygen increases as the per cent of volatile solids in the sludge in- 
ereases. <A correlation of our data on the basis of both the volatile 
and suspended solids is shown in Figs. 1 and 2, and from them it can 
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be seen that the rate of oxygen usage per gram of volatile or of 
suspended solids, increases as the percentage of volatile solids increases 
in the sludge. This confirms the findings of Grant, Hurwitz and Mohl- 
man and shows furthermore that the activity of the volatile solids is a 
function of the volatile solids to ash ratio. It is to be noted that the 
results obtained with Sludge E do not conform with those obtained with 
the other three sludges. No explanation is offered for this anomaly 
at this time. Extrapolation of the curves in Figs. 1 and 2 to intercept 
the ‘‘y’’ axes indicates that sludges with less than 60 per cent volatile 
solids would use very little oxygen if any at all. Further exploration 
of sludges having volatile solids contents of from 50 to 70 per cent is 
required to determine if the indicated straight line relationship holds 
over these ranges. 

The activity of the various sludges as measured by their base rates 
of oxygen usage varied between 1.85 and 9.8 mg. of oxygen per hour per 
gram of dry sludge. We feel that the poorer sludges were those show- 
ing rates greater than 7.0 mg. per gram per hour. These findings 
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correlate with those reported by Ruchhoft, McNamee and Butterfield 
(3), who consider sludges using 2 to 6 mg. of oxygen per gram of sludge 
per hour as good sludges. 


SuMMARY 


1. Different activated sludges oxidizing identical portions of the 
same sewage may produce widely different types of oxygen utilization 
rate curves. 

2. Identical portions of an activated sludge oxidizing different do- 
mestie sewages can be expected to produce approximately the same type 
curves. 

3. The magnitude of the oxygen usage per unit of time by an ac- 
tivated sludge-sewage mixture is influenced by the strength of the 
sewage as measured by B.O.D. 

4. Oxygen utilization by activated sludges alone (base rates) were 
found to vary from 1.85 to 9.8 milligrams per hour per gram of dry 
sludge. 

5. No relationship was found between the base rates of oxygen 
usage by different activated sludges when compared on the basis of 
content of suspended solids, or volatile solids. Good correlation was 
obtained when base rates were compared with percentage of ash or 
volatile solids. 

6. The character of the oxygen utilization rate curves obtained in 
this investigation indicates the possibility of at least three types of 
curves being produced by various activated sludge-sewage mixtures. 
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Plant Operation 


TRICKLING FILTER LOADINGS AT FORT WORTH, 
TEXAS 


By W. S. MauHuie 


Chemist in Charge, Water and Sewage Purification 


Fort Worth, Texas, offers an excellent opportunity for observing 
trickling filter loadings, in that the sewage received at the city’s treat- 
ment plant consists of a very strong domestic sewage to which has been 
added about 25 per cent (2.5 m.g.d.) of partly treated packinghouse 
wastes. 

The method of treatment at the city plant consists of primary 
settling, pre-aeration without sludge return, secondary settling, trick- 
ling filters and final settling. Sludge is digested in separate tanks 
equipped for gas collection. 

The filters are four in number, rectangular in shape, 384 ft. by 120 
ft., having a total net area of 4.23 acres. The underdrain system 
consists of 4-in. vitrified split tile, laid on 8-in. centers with open joints. 
The stone consists of 8 ft. of hard limestone passing a 2.5-in. circular 
opening and retained on a 1.25 in. cireular opening. The distribution 
system consists of 1-in. cireular full spray, Type C, lock spindle, 
P.F.T. nozzles, spaced on 12 ft. centers at the vertices of equilateral 
triangles. The nozzle bases are screwed directly into cast-iron pipes 
laid horizontally on the top of the rock so that the top of the pipe is 
flush with the rock surface, thus eliminating the conventional gal- 
vanized pipe risers. Each filter is provided with a twin dosing tank 
with automatic siphons. The discharge time of one compartment is 
about 3.75 minutes. 

For a long time we have observed a gradual falling-off in quality 
of the filter effluent throughout the week, and then a ‘‘recuperating 
effect’’ at the beginning of the next week. 

This phenomenon is due to the variation in the strength of the 
raw sewage. A study of four years’ analyses is shown in Table I. 

It should be pointed out that there is no packinghouse waste ad- 
mitted to our sewers on Sunday, and on Monday the packing plants 
work only approximately one-half day. 

During the remainder of the week the packinghouse operation is 
fairly constant. The agreement of population equivalents on Tuesday, 
Wednesday, Thursday and Friday is quite remarkable. (No analyses 
are shown for Saturday sewages, since this would necessitate working 
our laboratory force on Sunday. Saturday’s sewage will be approxi- 
mately the same as the four preceding days.) 

Naturally such a variation in the raw sewage is reflected in the 
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TABLE I.—Average Analysis of Raw Sewage, Fort Worth, Texas 
From Jan. 1, 1935 to Dec. 31, 1938 





= | 
Sewage| Sus- | Settle- | Nitro- | Five ; Popula- 
é ‘ Chlo- : 
— Flow |pended| able | genas | Day HS sii H tion 
ay oF Nyeek | Million| Solids | Solids | NH; | B.O.D.| P.p.m. ae Equiv- 





























| Gallons | P.p.m. | C.c./L. | P.p.m. | P.p.m. P.p.m. alent 

Sunday..... ...| 9.183 | 289 6.5 30.9 283 — 245 — 126,700 
Monday..... ...| 10.171 | 363 8.0 31.1 377 4.1 317 7.6 | 188,000 
Tuesday..... ...| 10.994] 371 7.0 32.8 460 4.1 425 7.5 | 247,900 
Wednesday ...| 10.975 | 375 7.0 33.6 463 3.9 436 7.5 | 249,100 
Thursday........] 11.068} 371 6.8 33.8 456 4.9 435 7.5 | 247,400 
Friday... .. ..| 10.991 | 370 6.7 34.3 458 4.2 449 7.5 | 246,800 
Saturday.........| 11.056; — — | = — —) — — 





Population equivalent based on .17 lb. B.O.D. 



























































TABLE II.—Average Analysis of Filter Influent, Fort Worth, Texas 
‘rom Jan. 1, 1935 to Dec. 31, 1938 
| Susp. Nitrogen Five Day HLS Population 
Day of Week | Solids as NH; B.O.D. P cae pH Equiva- 
| P.p.m. P.p.m. P.pan: — lent 
Sunday..... 98 32.3 167 = “= 74,800 
Monday... | 110 33.6 203 2.6 yf 101,200 
Tuesday. . 136 34.9 284 3.3 7.6 153,100 
Wednesday. . | 143 36.0 299 3.6 7.6 160,900 
Thursday..... .| 143 36.7 301 4.5 (ei 163,300 
Friday... 141 37.0 300 4.3 7.6 161,600 
Saturday. . = = = 3 — 
TaBLeE III.—Average Analysis of Filter Effluent, Fort Worth, Texas 
From Jan. 1, 1935 to Dec. 31, 1938 
Nitro- , N as 
Susp. a Five i ss, Popula- 
wae Solids | 5°" Day he ine HS tion 
Day of Week Pp as BOD plus Oxygen Wesaak pH Sabin 
.p.m. NH; “i “a NO; Pan. .p.m. — 
Ppa: —— P.p.m 
Sunday... .. | 89 11.8 32 9.4 1.9 wai — 14,330 
Monday..... | 88 13.0 35 10.4 1.8 0.1 7.4 17,450 
Tuesday......} 85 14.3 43 fe fi 1.3 0.2 7.4 23,170 
Wednesday...| 89 15.5 47 5.6 1.1 0.1 7.3 25,290 
Thursday.....| 91 16.2 48 5.5 1.1 0.2 7.5 26,040 
Friday.......} 90 16.8 47 5.5 1.1 0.2 — 25,320 
Saturday . _— ee= — get ace bas a — 


trickling filter performance. Table II shows the composition of the 
sewage applied to the filters, and Table III shows the composition of 
the filter effluent. Figure 1 shows the relationship between the filter 
loading and the oxidized nitrogen for a four-year period beginning 
January 1, 1935. 
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During this four-vear interval there were four different methods 
fon) * 
or periods of plant operation, as follows: 


Period A. 
582 days from Jan. 1, 1935 to Oct. 18, 1936. During this time 
Imhoff tank effluent was placed directly on the filters. 

Period B. 
92 days from Oct. 14, 1936 to Dee. 31, 1986, and from Jan. 13, 
1937 to Jan. 31, 1937. Primary tank effluent was placed directly 
on the filters. (The Imhoff tanks having been converted into 
primary tanks.) 
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Fig 1.—Relationship between B.O.D. applied to trickling filter and oxidized nitrogen in effluent. 
Fort Worth, Texas. From Jan. 1, 1935 to Dec. 31, 1938. 


Period C, 
161 days from Jan. 1, 1937 to Jan. 12, 1987 and from Feb. 1, 1937 
to June 30, 1937. Primary tank effluent was aerated and placed 
directly on the trickling filters. Amount of air, 0.43 eu. ft. per 
gallon. Aeration period 5.5 hours. No sludge return. 
Period D. 
53. days from July 1, 1937 to Dee. 31, 1938. Primary tank ef- 
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fluent was aerated, passed through secondary settling tanks, 
thence to trickling filters. Amount of air 0.45 cu. ft. per gallon, 
period 5.2 hours. Settling time 1.6 hours. No sludge return. 
Tables IV to VII show the composition of the filter influent and 
effuent and the filter loadings for these periods. 


TaBLE IV.—Period A 
Imhoff effluent direct to filters—582 days from Jan. 1, 1935 to Oct. 13, 1936 
Filter Influent 




































































Susp. 5 : Dis. N as 
ED: NH; Pi) 
Day | Solids he = aed Eacil pH Oxygen |NO.+ NO; 
P.p.m. —— salma re P.p.m. P.p.m. 
Mt Se + ae 34.4 
Cs oe 119 227 36.1 5.1 7.6 
Tue... } 141 292 37.7 6.1 7.5 
WeGsoi6 2 143 298 37.9 6.6 7.4 
Thur... } 144 293 38.0 6.8 7.7 
Fri. 143 292 38.0 6.6 
1) iene | 
Ave 132 263 37.0 6.2 7.6 
Filter Effluent 
Sun... 9 6| «388 «| (124 | | 1.6 9.8 
wi 97 | 48 13.9 | 0.1 7.5 1.4 9.8 
TUG: ..: 94 56 15.5 0.1 7.6 1.0 6.9 
i ae 97 | 59 16.3 | 0.1 7.3 1.0 ook 
Thur.. . 101. 59 68 | 01 7.9 1.0 4.9 
Fri. } 98 | 57 16.8 | O01 1.0 5.4 
| oe | 
Ave. 96 53 | 13 | of | ve ! 12 7.0 
Filter Loading 
«Sagem, | Lb. BOD. | Lb. B.O.D. 
| ——— | —_— | Applied | Removed 
Flow |— : | | ) | 
Day | Mill. | | | | Per Per 
Gal | ™ Per | Per 
| Gals. | B.0.D.| B.O.D. | B.O.D. | B.O.D.} Per | 1000 | ,., Per 1000 
| | Acre] _, Total Acre| _, 
Pom. | Eb. | Popm.| Lb. |:Acre'|_, Cu. Acre |,, Cu. 
| Foot} 5, Foot| |, 
| Ft. Ft. 
Sun. | 8.405| 177 12,397 38 2,662 | 2,931) 366 | 8.40) 9,735) 2,301) 288 | 6.61 
Mon.....| 9.540) 227 18,047 48 3,816 | 4,266) 533 | 12.23) 14,231) 3,364) 421 | 9.66 
Tue. | 9.904| 292 24,100 56 4,622 | 5,697) 712 | 16.34] 19,478) 4,605) 576 | 13.22 
Wed. | 10.154| 298 25,216 59 4,992 | 5,961) 745 | 17.10) 20,224) 4,781) 598 | 13.73 
Thur | 10.290} 293 25,125 59 5,059 | 5,940) 743 | 17.06} 20,066} 4,744) 593 | 13.61 
Fri. | 10.129 292 24,647 57 4,811 | 5,827] 728 | 16.71) 19,836] 4,689) 586 | 13.45 
Sat. | 10.224] 
ee, Ve eee) See me —— 
ee | 9.807} 263 | 21,589| 53 | 4,327 | 5,104] 638 | 14.64] 17,262] 4,081) 510 | 11.71 
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TABLE V.—Period B 


Primary tank effluent direct to filters. 92 Days from Oct. 14, 1936 to Dec. 31, 1936, and from 
Jan. 13, 1937 to Jan. 31, 1937 


Filter Influent 


| 
| 


| 


| j | 
Susp. | ' | . oF | Dis. | Nas 
| B.O.D. NH; Ss | 
Day Solids | : : Pp ws Ri pH | Oxygen INO, +NO 
P.p.m. | E E a | P.p.m. | P.p.m. 
ae 111 143 | (28.5 | | | 
Mon...... 132 | 258 | 313 19 | | | 
Tue... 159 328 | 32.4 1.7 76 | | 
| 153 303 =| ~— 30.7 2.3 | 
aTnur... 145 289 | 31.6 2.8 
Fri. . 145 299 | gis 3.9 
ee 
Ave... 141 270 31.0 2.5 7.6 
Filter Effluent 
Sun... 107 | ~—39 11.6 2.5 10.5 
Mon...... 90 | 14 13.6 0.1 18 | 10.6 
Tue... 94 | 56 15.3 0.1 > ft ee |. 
Wed....... 98 58 15.6 0.2 | 1.0 5.1 
Thur... 97 | 57 | 153 0.1 | 1 as | 65 
Pri... 92 56 | 15.6 0.1 | | is | 6.0 
LS See 
Ave... 9 | 52 14.5 0.1 75 | 16 7.7 
Filter Loading 
| | 
Lb. B.O.D. | Lb. B.O.D. 
| | ' “fue | 
| Influent Effluent Aylin’ | Riana 
| Flow 
av | | | | | j > 
Day | Mill. | | | | wee | Per | | | Per Per 
| Gals. | B.0.D. | B.O.D. | B.O.D. | B.O.D.| Per | sere | 2° | rotar | Pet | Acre | 100° 
P.p.m.| Lb. | P.p.m. Lb. | Acre |-"" | Cu. | we" | Acre |e | Cu. 
| Foot . | | ens ‘ 
| Ft. | | | Ft. 
Sun... ..| 10.738} 143 | 12,796 | 39 | 3,490 | 3,025] 378| 8.68| 9,306) 2a) 275 5 | 6.31 
Mon... .| 11.803} 258 | 25,376] 44 4,328 | 5,999| 750) 17.22/ 21,048] 4,976) 622 | 14.28 
i. cs: | 12.655) 328 | 34,590] 56 | 5,906 | 8,177] 1,022] 23. 46) 28 ,684| 6, 781| 848 | 19.47 
Wed... ./ 11.5491 303 | 29,161| 58 | 5,582 | 6,894] 862) 19.79} 23, 579) § 5,574| 697 | 16.00 
Thur... | 12.354] 289 | 29,753| 57 | 5,868 | 7,034 879) 20. 18) 23,885] 5647 706 | 16.21 
Fri......| 11.951) 299 ” | 29,778 | 56 | 5,577 | 7,040] 880) 20. 20} 24,201 5,721] 715 | 16.41 


| 


| | 


| 6, 362| 795 18.26) 21, 784) 5,150) 644 | (| 14.78 


Sat... | 12.850) 


Ave... ..| 11.986] 270 26,909 5s 


to 
| on 
bo 














“I 
“i 


Vol. 11, No. 3 TRICKLING FILTER LOADINGS AT FORT WORTH, TEXAS 4 


TaBLE VI.—Period C 


Primary tank effluent aerated, then directly to filters. 161 days. From Jan. 1, 1937 to Jan. 12, 
1937, and from Feb. 1, 1937 to June 30, 1937 
Air, 0.48 ¢.f./g. Aeration time, 5.5 hr. No sludge return 


Filter Influent 






























































Susp. | : | 7 | Dis. N as 
3.0.D. N Pt) a : 
Day | Solids | Ps : Picaed | r =. | pH Oxygen |NO.+NO; 
Ppa, | oe ii — P.p.m. P.p.m. 
Bis] ee % 167 30.1 | | 
Mon.......) 2 | Se 31.6 0.4 
Tue... | 169 | 305 32.7 05 | 76 
Wed........| 182 335 33.4 0.6 | 
Thur.. . 177 335 34.5 0.4 | 
Fri. 174 | 358 | 344 04 | | 
Ce | | 
a sn a oo on Se 
Ave... om 6 | 38 | se | OS |. 6 
Filter Effluent 
Sun... is | 2 | es | 2.5 9.2 
Mone: <>. 105 | 39 15.2 | 0.2 2.2 10.0 
Tue... 105 | 47 56.9 | 08 7.3 1.6 7.4 
Wed....... | 109 | 418 166 | 0.2 1.3 5.8 
Thur. . 111 | 52 17.6 | 0.2 1.3 5.3 
Fri.. 110 | 0 129 | 03 1.2 5.7 
Sat.. | 
Ave... | 109 >. e ) oe + ee] 7.2 
Filter Loading “ae 
= Lb. B.O.D. | Lb. B.O.D. 
| | Influent | Effluent Apelied | ne" 
| I ‘low | = - —— <= a 
Day Mil. | | | i Per Per Per 
Gals. | B.0.D. | B.O.D. | B.O.D. | B.O.D.| Per sh 1000 | tat | Pe | Acre | 1000 
|P.p.m.| Lb. | P.p.m. Lb. | Acre |= Cu. “| Acre Cu. 
| | Foot “ Foot] j, 
| Ft. Ft. 
Sun.. 10.259} 167 14,277 39 3,334 | 3,375] 422| 9.69] 10,943} 2,587} 323 | 7.42 
Mon. 11.360} 227 21,489 39 3,692 | 5,080) 635} 14.58] 17,797) 4,207) 526 | 12.08 
Tue.....| 12.357) 305 | 31,407 47 4,840 | 7,425) 928) 21.30) 26,567| 6,281) 785 | 18.02 
Wed.. 12.237) 335 34,162 48 4,895 | 8,076}1,010| 23.19} 29,267) 6,919} 865 | 19.86 
Thur... .| 12.237, 335 34,162 52 5,303 | 8,076}1,010] 23.19} 28,859) 6,822} 853 | 19.58 
Fri... ...| 11.901} 358 | 35,505 50 4,959 | 8,394/1,049 24.08} 30,546] 7,221] 903 | 20.73 
Sat......| 12.247] | ; | | | 








——— ee eee —|—_—_ 





BVO 3:02 | 11.800} 288 | 28, 500 0] 4 5 | 4,504 | 4, 738), ~ gag 19.34) 





23, 997| | 5,673 709 | 16.28 
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TaBLE VII.—Period D 
Primary tank effluent aerated, then to secondary settling, then to filters. 535 days. From 
July 1, 1937 to Dec. 31, 1938 
Air, 0.45 ¢.f./g. Aeration time, 5.2 hr. Settling time, 1.6 hr. No sludge return 
Filter Influent 
Susp. 7 ; | Dis. N as 
B.O.D. NH; H.S Fe : 
Day Solids iia, pee Pp ipl pH | Oxygen |NO.+NO 
P.p.m. F I | P.p.m. | P.p.m. 
Sun..... 82 157 31.3 | | 
ae 85 156 31.6 0.8 7.8 
Tue 115 257 32.8 1.4 wen 
Wed: .. 6: 130 287 35.4 2.6 a4 
Thur 132 298 36.2 3.2 7.8 
Fri.. 126 297 37.6 2.7 76 | 
PERE so. 5% a | 
Ave 112 242 34.2 ZA a 
Filter Effluent 
Sun... 76 20 10.6 2.0 8.7 
BHOn...... 71 17 11:1 0.2 7.4 2.1 Ms 
Tue. 66 23 12.0 0.5 1.3 RS 8.7 
Wed... 26. 70 28 14.3 0.1 4.3 1.2 6.4 
Thur 71 29 15.4 0.2 15 1.2 | 6.0 
Fri 71 30 16.6 0.2 7.8 | 5.5 
i | 
Ave 71 25 13.3 0.2 er 1.5 = fea f 
Filter Loading 
7 Lb. B.O.D. Lb. B.O.D. 
‘fluent | 
oes — Applied Removed 
Flow - - — —— 
Day Mill. | P Per | P Per 
| Gals. | B.0.D.| B.O.D. | B.0.D.|B.0.D.| Per |< | 1000]... ,| Per |," | 1000 
| < 4 _|Acre} | Total | | Acre} _, 
P.p.m. Lb. P.p.m. Lb. | Acre |,, Cu. | Acre |,, Cu. 
Foot! ,, | Foot é 
es eae : : ——|— oe a _—_ 
Sun 9.377; 157 | 12,268 | 20 | 1,563 | 2,900) 363 | 8.33) 10,705) 2, 531| 316 6 | 7.25 
Mon.....| 10.307, 156 | 13,399] 17 | 1,460 | 3,168] 396 | 9.09} 11,939] 2,822] 353 | 8.10 
Tue 111.605} 257 | 24,854/ 23 2,224 | 5,876] 735 | 16.87| 22,630) 5,350) 669 | 15.36 
Wed.....| 11.496} 287 | 27,495 | 28 | 2,682 | 6,500] 813 | 18.66) 24,813) 5,866) 733 | 16.83 
Thur... .| 11.453; 298 | 28,442| 29 | 2,768 | 6,724] 841 | 19.31] 25,674] 6 ef 759 | 17.42 
Fri....../ 11.641) 297 | 28,811} 30 | 2,910 | 6,811] 851 | 19.54] 25,901] 6,123] 765 | 17.56 
Sat | 11.399) | | | | | | | 
SSS See ‘ et = Sa ia 
Ave.....| 11.040; 242 | 22,545] 25 | 2,268 | 5,330] 667 | 15.30 20,277] 4,794) 599 | 13.75 
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Fic. 2.—Comparison of filter performance. Fort Worth, Texas. 


Figure 2 shows a comparison of filter loadings and performance for 
these four periods. 

REMARKS 

During periods A and B, there was some slight ponding, while 
during periods C and D there was none whatever. 

We have tried to correlate the filter loadings with odors but were 
unable to find any direct relation. It might be said in passing that our 
filters are usually giving off odors. Odor factors for the four periods 
were 77, 70, 67 and 77 respectively. (For odor factor determination 
see THis JourNAL, Jan., 1959.) 

No attempt is made here to compare the performance of filters at 
Fort Worth with other plants, but only to point out the high loadings 
that may be applied in localities having a similar climatic condition. 








SOLIDS BALANCING 


By G. E. Fiower, Cuester B. Bupp anp Cuartes Hauck 


Superintendent, Sewage Plant Operator and Chemist, Southerly Sewage Treatment Plant, 
Cleveland, Ohio 


DESCRIPTION AND OPERATION 


The Southerly Sewage Treatment Plant at Cleveland, Ohio (for 
the period of this report), included bar grates, grit chambers, Imhoff 
tanks, trickling filters and humus tanks. The sludge collected in the 
humus tanks was pumped into the digestion compartments of the Im- 
hoff tanks for digestion. The plant treated stormwater and industrial 
wastes mixed with sanitary sewage. The industrial wastes are mostly 
iron wastes from surrounding steel mills. At times these iron wastes 
run as high as 300 to 400 p.p.m. iron, but when the steel mills are only 
in partial operation, the iron content of the sewage averages about 
10 p.p.m. 


Discussion 


If suspended solids are determined in the influent and effluent of 
a settling tank, and the flow is known, the solids deposition in the tank 
ean be ealeulated. Similarly, when the settled solids are pumped to 
a digestion tank, the solids can again be caleulated from the flow of 
raw sludge and the suspended solids content. Theoretically the weight 
of solids by the two methods should be the same. <A review of some 
of the literature on this subject shows that marked discrepancies some- 
times occur. These discrepancies were discussed at a meeting of the 
Central States Sewage Works Association at Menasha, Wisconsin. 
The conclusions of these discussions were (1) ‘‘From all that was heard 
in this discussion, and also previous discussions, it seemed apparent 
that solids removals calculated from sewage and effluent analyses may 
be so far from actual accomplishments that no dependability can be 
placed on such accounting, either as to revealing efficiencies of settling 
processes or in solids accounting. The use of large sludge samples 
for solids determinations, careful measurement of sludge volumes and 
truly representative sampling, should become approved standard 
practice—Kd.’’ On this same question Greeley (2) points out the 
following: ‘‘It is difficult at many sludge digestion plants to determine 
with reasonable accuracy the total amount of suspended solids being 
handled in the digestion tank. Quantities are computed either from 
the volume of the sludge pumped and its solids content, or from the 
amount of sewage and the suspended matter removed. The results 
of these computations may vary widely. The reason for this variation 
is not apparent. Possibly it is due to the rapid pumping of raw sludge, 
which does not permit accurate sampling, or to inaccurate determina- 
tions of the moisture content of the sludge. Of the two methods, the 
one based on sewage flow and suspended solids removed appears to be 
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the more reliable. In general, difficulties in sampling constitute an 
important factor.’’ 

These then are some of the difficulties encountered in solids ac- 
counting when figured from sewage as against raw sludge. When the 
raw sludge is allowed to undergo digestion and solids balances are 
attempted, taking into account the losses due to digestion, the difficul- 
ties encountered are magnified. In accounting for solids losses a fixed 
percentage of total solids deposited is sometimes assumed as destroyed. 
This figure varies with the wastes treated, i.e. whether they are sani- 
tary wastes, storm water, industrial wastes or combinations of these 
three. Some evidence (3) has been presented to show that.there is 
a linear relationship between the percentage of volatile matter in raw 
sludge and the percentage reduction of original volatile matter when 
sludge is ripe. As the percentage of volatile solids in the raw sludge 
increases, so does the per cent destroyed. The equation of the line is 
approximately of the form y = 0.53a + 36 where y is the percentage 
of volatile matter in raw sludge and « is the percentage reduction of 
original volatile matter when sludge is ripe. This relationship, in the 
reference cited, appears to be a good grouping of the plotted points 
about the line whose equation is as above. However, the data (Table 
VI) from the article by Greeley, (2) when plotted in the same manner, 
show little relationship as is evidenced by looking at the accompanying 
graph. 

The claim is sometimes made that a daily composite sewage sample 
will suffer pectization or peptization. In this way the suspended solids 
determination would introduce an error in the ideal balance between 
the method of sewage analysis and that of sludge analysis. If this is 
true then a computation of the sewage solids on the basis of total 
solids should yield more reliable results. There should also be a closer 
correlation; not only on this account alone but because of the fact that 
solids in sludges are, as a rule, run on a total solids and not on a sus- 
pended solids basis. If there is any point in this statement, then solids 
depositions figured on the basis of total solids should be different from 
those figured on the basis of suspended solids in all those instances 
where pectization, peptization or conversion of solids into true solution 
takes place. 

EXPLANATION OF Data 


Aside from the obstacles inherent in the assumption of a fixed 
percentage destruction, there is a question as to whether the balance 
should be attempted on the basis of the removal of suspended solids 
or the removal of total solids. It appears reasonable to suppose that 
the difference between these two methods should be small. 

The solids balance, as presented here, is not based upon a fixed 
percentage destruction of solids deposited. Account has been made of 
all measurable quantities at the beginning and end of each year and 
the difference assumed to be loss by digestion. In other words, a 
determination has been made of all solids deposited in the Imhoff tanks 
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and of all solids withdrawn from the tanks as digested sludge, and 
the difference is assumed as the destruction of organic matter by 
digestion. 

Several treatments of the data have been made but, in all cases, the 
balance has been attempted on the basis of suspended solids removal 
as well as total solids removal. By suspended solids and total solids 
removal is meant the deposition of solids in the Imhoff tanks and 
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humus tanks ecaleulated on the basis of sewage flow and laboratory 
analvses of 24 hour composite samples collected before and after 
treatment by these two types of tanks. 

In the first treatment of the data presented, the year by vear ap- 
parent destruction of solids is determined. For the vear 1928, when 
the plant first went into service, no data are available as to the total 
solids of the raw sewage. No sludge was withdrawn in 1928 and but 
little in 1929. As a result, the digestion loss appears quite high; most 
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of the solids remained in the tanks and were disregarded in this treat- 
ment. In 1930 the solids drawn as sludge were twice as much as in 
the previous year and consequently the digestion loss appears low. 
This again is due to the fact that no account has been made of the 
solids still in the tanks. In 1931 the removal of digested sludge was 
so high that a negative digestion loss was indicated. For the years 
1932, 1933 and 1934 the digestion loss appears to have been fairly 
constant. For 1935 and 1936 the loss was constant on the basis of 
total solids removal, but erratic on the basis of suspended solids re- 
moval. The discrepancy between the two methods of computation 
varies from 6.2 per cent for 1935 to 22.4 per cent for 1937. The 
agreement does not appear to be close. 

The second treatment of the data is the same as the first with the 
additional precaution of taking into account the solids retained in the 
Imhoff tanks on the basis of sludge soundings. The first sludge sound- 
ings were made in 1934 so that this treatment covers only four years 
of plant operation. With the exception of 1934 the data, on the basis 
of total solids, are quite consistent whereas the data on the basis of 
suspended solids are quite erratic. A reduction of total solids of 
about 20 per cent, as brought out in the data for 1935-1937 (total solids 
basis), seems to be a reasonable figure although a bit low. 

The third treatment of the data gives a solids accounting figured 
cumulatively for the years 1933-1937 inclusive. The data, on the basis 
of suspended solids and total solids, is quite consistent. The average 
per cent destruction of dry solids for these vears is 11.9 per cent on 
the basis of suspended solids and 23.2 per cent on the basis of total 
solids. The data, although consistent in themselves, regardless of 
which way they were figured, whether on total or suspended solids 
basis, show striking differences in comparing the results of one method 
with those of the other. The percentage reduction of dry solids as 
figured from total solids (23.2 per cent) is practically twice that when 
figured from suspended solids (11.9 per cent). This diserepaney is 
quite high. The difference may be explained on the basis that the dry 
solids deposited, as figured on total solids, are higher than those figured 
as suspended solids. The other solids data (solids withdrawn and 
solids still in tanks) are the same as computed both by total solids and 
suspended solids. Because of this the solids destroyed are higher on 
a total solids basis. This in turn makes the percentage destruction 
of solids, as figured on total solids, consistently higher than when 
figured on suspended solids. 

SuMMARY 

The following points briefly summarize the question of solids bal- 
ancing: 

1. It is difficult to determine with reasonable accuracy the total 
amount of solids being handled. Quantities are computed either from 
the volume of the sludge pumped and its solids content or from the 
amount of sewage and the suspended matter removed. The results 
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of these computations may vary widely. The reason for this variation 
is not apparent. Possibly it is due to inaccurate sampling and inac 
curate determinations of the moisture content of the sludge. 

2. Schlenz has presented some data to show that there is a linear 
relationship between the percentage of volatile matter in raw sludge 
and the percentage reduction of original volatile matter when sludge 
is ripe. This relationship tends to show that as the volatile solids in 
the raw sludge increase so also does the per cent that is destroyed. 
The data, as compiled by Greeley and shown in Fig. 1, fail to show this 
relationship. 

3. It appears to make a difference whether solids balances are at- 
tempted on the basis of total solids removal or on the basis of sus- 
pended solids removal. In spite of the fact that seemingly everywhere 
sedimentation tank performance is based on suspended solids removal 
it appears, from this treatment, that performance should be based on 
total solids removal. In view of the fact that sludge analyses are 
usually determined on a total solids basis it seems more reasonable to 
-aleulate the solids in the sewage on the basis of total solids. If sus- 
pended solids go into true solution, or pectization and peptization 
effects take place, they do not affect the total solids determination 
whereas they do affect the suspended solids determination. Even if 
these effects do not occur in the sewage samples the total solids deter- 
minations are more reliable than the suspended solids determinations 
in evaluating solids removals in sewage. 

4. It is perhaps a more reliable procedure in solids balancing, where 
losses due to digestion take place, not to assume a fixed percentage 
loss of solids, but to determine the apparent percentage loss and, if 
this figure is fairly constant, to assume that a solids balance has been 
effected, if at the same time the determined digestion loss is reasonable. 

5. Solids balances could perhaps be best accounted for by the con- 
stancy of fixed solids. The fixed solids going into the digesters as 
raw sludge should equal the fixed solids coming out of the digesters 
as digested sludge. This is based on the assumption that there is no 
conversion of fixed solids to volatile solids or of volatile solids to fixed 


TaBLeE I.—Southerly Sewage Treatment Plant 


Per Cent Volatile Matter in Daily Composite Samples—Monthly Averages for 1938 








Total Solids Suspended Solids 
Month — nena Cone eee 
Raw Settled Raw | Settled 
March.... 44 41 62 61 
Aprill...... 41 38 | 64 60 
May..... 50 46 71 67 
2 5 ss 49 | 45 | 68 60 
es 43 | 44 | 50 53 
August..... 49 46 67 64 
Average...... sad 46 43 67 61 
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SOLIDS BALANCING 


TaBLeE II.—Solids Balance at the Southerly Sewage Treatment Plant 


No Account Taken of Solids Remaining in Imhoff Tanks 


Caleulated Fresh Solids (Ib.). 
Calculated Humus Solids (Ib.)...... 
Calculated Total Solids (Ib.)............. 
Removal of Solids as Sludge (Ib.)....... 
Apparent Destruction of Solids (Ib.)...... 
Apparent Destruction of Solids (%). . 


Calculated Fresh Solids (Ib.) 
Calculated Humus Solids (Ib.). .. 
Calculated Total Solids (Ib.).. 
Removal of Solids as Sludge (Ib.)... . 
Apparent Destruction of Solids (Ib.). 
Apparent Destruction of Solids (%). 





Calculated Fresh Solids (Ib.) ; 
Calculated Humus Solids (Ib.) . 
Calculated Total Solids (Ib.).... 
Removal of Solids as Sludge (Ib.).... 
Apparent Destruction of Solids (Ib.) 
Apparent Destruction of Solids (%) . 


Calculated Fresh Solids (Ib.). . 
Calculated Humus Solids (Ib.). .. 


Calculated Total Solids (Ib.).............] 
Removal of Solids as Sludge (Ib.)........| 


Apparent Destruction of Solids (Ib.)..... .| 
Apparent Destruction of Solids (%)......| 





Calculated Humus Solids (Ib.). . 
Calculated Total Solids (Ib.).............! 
Removal of Solids as Sludge (Ib.)........| 
Apparent Destruction of Solids (Ib.)..... ; 
Apparent Destruction of Solids (%)......| 


of of of of 
Suspended Total Suspended | Total 
Solids Solids Solids Solids 
Removal Removal Removal Removal 
- -yoe8—étéi‘(_‘é‘lLlwtw#é;qNS33~0~O2U;‘<‘<‘ 
485,260 | | 11,688,000. a 
65,238 | 1,445,000 | 1,632,000 
550,498 | 13,133,000 | 15,400,000 
| 9,517,000 | 9,517,000 
% 3,616,000 | 5,883,000 
| 27.5 38.2 
Po 1929 f 1984 
~ 2,646,000 | 3,343,000 | 8,725,000 | 11,713,000 
172,00¢ | 208,000 | 1,482,000 | 1,170,000 
~ 2,818,000 | 3,551,000 | 10,207,000 | 12,883,000 
998,000 | 998,000 | 7,174,000 | 7,174,000 
1,820,000 | 2,553,000 | 3,033,000 | 5,709,000 
64.6 | 71.9 | 29.7 44.3 
1930 | «1985 
“2,450,000 | 2,827,000 | 8,639,000 | 9,741,000 
_ 183,000 | 183,000 | 1,406,000 | _ 1,055,000 
2,633,000 | 3,010,000 | 10,045,000 | 10,796,000 
2,600,000 | 2,600,000 | 8,974,000 | 8,974,000 
33,000 410,000 | 1,071,000 | 1,822,000 
1.3 13.6 | 10.7 16.9 
7 19331 1936 
3,445,000 | 3,336,000 | 7,771,000 | 9,559,000 
465,000 | 298,000 | 461,000 922,000 
3,910,000 | 3,734,000 | 8,232,000 | 10,481,000 
5,416,000 | 5,416,000 | 8,878,000 | 8,878,000 
*1,506,000 | *1,682,000 | *646,000 | 1,603,000 
l* g3g5/* 450] * 78 15.3 
1932 | 1937 
9,202,000 | 9,948,000 | 6,799,000 | 8,920,000 
| 787,000 | 751,000 | 
9,989,000 | 10,699,000 | 6,799,000 | 8,920,000 
7,002,000 | 7,002,000 | 6,396,000 | 6,396,000 
2,987,000 | 3,697,000 | 403,000 | 2,524,000 
5.9 28.3 


* Indicates increase instead of destructi 


On Basis On Basis On Basis 
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On Basis 
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TABLE III.— _— in iaaiod Tanks 














Sludge Number if Equivalent | Equivalent Wt. 
Date | Elevation of Ez Volume Dry Solids 
Ft. Soundings Cu. Yds. Lb. 
1 re 11.3 14 ) 29,280 5,284,000 
Lo ee 8.8 24 | 23,520 4,244,000 
Lp ee 7.4 } keg | 20,160 3,638,000 
Ju SSS ee 6.1 18 | 17,280 3,118,000 
Jp USS eee 8.5 14 | 22,800 4,114,000 








The equivalent weight of dry solids was calculated on the basis of a specific gravity of 1.03 
and a moisture content of 89.6 per cent. These figures are average for all years of plant operation. 


TaBLE IV.—Yearly Solids Balance 


Solids in Imhoff Tanks Accounted for 


























On Basis On Basis 
of Suspended of Total 
Solids Removal Solids Removal 
1934 
Dry Solids Deposited (Ib.)...... i dee scivite oon ah cie SU ROISOOD 12,883,000 
Dry Solids Withdrawn (lb.)............... Seastcewe  wQkvaOOO 7,174,000 
Balance (Ib.)..... ; .. 3,033,000 5,709,000 
Excess Drawn from Imhoff T: aalee (lb. aie sos ee Ss OROG00 1,040,000 
Dry Solids Destroyed (Ib.)....... ihneeGc ae 073, 000 6,749,000 
Per Cent Destroyed....... : 39.9 52.4 
1935 
Dry Solids Deposited (Ib.).... ae 10,045,000 10,796,000 
Dry Solids Withdrawn (Ib.)..... Recriee . 8,974,000 8,974,000 
Balance (Ib.) Seem as . 1,071,000 1,822,000 
Excess Dean n fiom Imhoff T aie (lb. Vicer hs Sees re 606,000 606,000 
Dry Solids Destroyed (Ib.)......... saa SOTA OUO 2,428,000 
Per Cent Destroyed............ ee 16.7 22.5 
1936 
Dry Solids Deposited (Ib.)..... : wseeee 9,202,000 10,481,000 
Dry Solids Withdrawn (Ib.)...... ..... 8,878,000 8,878,000 
Balance {1b.).......... ..... * 646,000 1,603,000 
Excess Drawn deen Imhoff T: anks (lb.) ee ee 520,000 520,000 
Dry Solids Destroyed (Ib.)............ cece * 126,000 2,123,000 
Per Cent Destroyed... .. pateescis Se as 1.5 20.3 
* Designates Increase 
1937 
Dry Solids Deposited (Ib.)........ sisievesvsecat WT OR000 8,920,000 
Dry Solids Withdrawn (Ib.).....................+-+- 6,896,000 6,396,000 
Balance (lb.) See aed we ree eee 403,000 2,524,000 
Excess Basen n feoms Imhoff T = (lb.). ey ere 996,000 996,000 
ry tous Destroyed (Wb.). ... .... 6s. cece seceeessces © 598,000 1,528,000 
Per Cent Destroyed...... paciaiee Ge kit eter tee Rise cae oe 8.7 17.1 


* Designates Increase 


* Excess drawn from Imhoff tanks represents the solids necessary to bring the sludge level 
back to that of the previous year. 








Ns 
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TaBLE V.—Yearly Solids Balance—Cumulative 


Solids in Imhoff Tanks Accounted for 








On Basis On Basis 
of Suspended of Total 
Solids Removal Solids Removal 
1933 
Dry solids Deposited (b=) «sc c4.06 26 eh ees ees cs SORE OOO 36,944,000 
Dry Solids Withdrawn (Ib.)...............202+2+2+++ 20,080,000 25,533,000 
Re EES) ee cence ieee eae ee SLO Saale TUE 11,411,000 
Dry Solids Still in Tanks (Ib.).....................+. 5,284,000 5,284,000 
Dey Souds Destroyed (1b:)c< .. sn ccbe sani eee. ZZkejoo 6,127,000 
gO HD SL TC 2 ae re aS 6.7 16.6 
1934 
Dry Solids Deposited (Ib.)..............220.0e0e0. + 48,240,000 49,827,000 
Dry Solids Withdrawn (Ib.)........ Le valcand ad b % babe OE eO 32,707,000 
[ey ES GPO 0 | Sp A Oar er ae Per ee 10,533,000 17,120,000 
Dry: Solids Still’in Tanks (1b.)... . 2. ..6.00500.000..-0. 4,244,000 4,244,000 
Dry. Solids Destroyed (b:) .5..5....6 6 cas asad ex cece (OFZ8R,000 12,876,000 
(ets yde G22) thre Dos) 0120.10 | ae ee eo 14.5 25.8 
1935 
Dry Solids Deposited’ (ID:) .... 06.6 245005 oles s ose se)s OO2OOj000 60,623,000 
Dry Solids Withdrawn (D)) 6.66.5. i eewew oni os. SEOSROOO 41,681,000 
PANO UID) che cers cos oe stan es need Wee es oa wwe) 18,942,000 
Dry Solids Still in Panks (Ib}):... 0.6. csc. see ences. 3,088,000 3,638,000 
Dry Solids Westroyed(D:)s.. o..0.ce sec sdseue nase) GISGCOD 15,304,000 
oe Ga ie LCei 0 20 | nn 14.9 25.2 
1936 
Dry Solids Deposited Gb:) : .. 24.0. vin eu Swen dace ce CLOLEZOUS 71,104,000 
Dry Solids Withdrawn (Ib.)................+++++++++ 50,559,000 50,559,000 
Basan UN yrs eet cs 2 pe tae ora Sead aes Sale Bs. Ota OOOO 20,545,000 
Dry polids sullin Tanks (ib!) .<.2 «ss... aus ca cee. SS OOO 3,118,000 
Dry, Solids: Destroyed (b:). 555... ccseccasicss FEO 0 17,427,000 
OTAGO GIDC SURO VOC ars re sce bse 68 ace cee eS einrde wa Sela eiatla 12.7 24.5 
1937 
Dry Solids Deposited (Ib:).............. 0.66 0.02500+5 + 68,816,000 80,024,000 
Dry Solids Withdrawn (Ib.)................2.2.+---++ 56,955,000 56,955,000 
BU VOTE] 0 a an A 11,361,000 23,069,000 
Dry Solids still in Tanks (b:) ss... 6.6. coe dees so STOO 4,114,000 
Dry. Solids Destroyed (1D:) es. ko ssh cece... T2000 18,955,000 
BOL OND AIESULO VER occ, 51205, 2s ois lelaloicse she cievetaiie etre 9 Buea oly’ 10.6 23.7 


solids. There appears to be no theoretical justification to suppose 
that these conversions should or could take place. 

6. It appears to make a difference as to the manner in which the 
volatile content of sewage solids is determined. It can either be 
determined on the daily composite samples for total solids or sus- 
pended solids, or on the sample collected by the method of suspending 
a bucket either in the flow channel slot of the Imhoff tank or just below 
the influent slot. On the basis of the data in Table I the average vola- 
tile content of the total solids in raw sewage is 46 per cent. The cu- 
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TABLE VI. Picnic Sewage Treatment Plant 





| l r 
| Total Flow Total Solids Suspended Solids ie Volatile Matter, Digested Sludge 














| in M.G. in P.p.m in P.p.m. | Per Cent Pumped 

a See | eer. ee wt iets _ be eek os 

Year | | | | | | Pet 
| 4 | | Rid Humus ; (eee er eee 

| Imhoff | H a, ae ‘ wn | Re Ba «1 |i, | Fresh! p.,} | Dig. | Cubic | § | Ce 
ge Hama | ew) Set.| ra |in.| aw! set, |at/ Fin Erk tank] ig. | Cubic | §p- | Ce 

| | | | | | | ture 

| } | has a> safer ey ws 
1929 | 2,462. of 1 1,085.9] 851) 688] 655] 632| 242) 113] 76] 57 | | — | — | 4,800] 1.03] 88.0 
1930 | 3,231.9] 1,996.5] 678] 573) 500| 489) 184) 93) 39) 28 | 72.1| 51.6 | 39.5 | 10,572) 1.03) 85.8 
1931 | 4,352.9] 3,985.7) 649] 557| 504| 492] 188} 93] 47] 33 | 69.3} 53.6 | 39.5 | 24,497 1.03) 87.2 
1932 | 7,463.8] 4,291.9] 756] 596) 549| 528) 253] 105] 67] 45 | 70.2| 58.3 | 39.5 | 38,871] 1.04) 89.7 
1933 | 7,346.0| 5,597.2| 921 696 649) 614] 312/ 121) 88| 57 7 | 68.3 | 55.0 | 44.2 | 65,409) 1.03] 91.6 
1934 | 7,428.7) 4,682.1| 839] 670| 604) 574) 251) 110 85) 47 | 70.8 | 60.4 | 45.2 | 50, 507| 1.03} 91.8 
1935 | 7,355.0) 6,029.0] 772| 613) 594) 573) 248) 107) 71) 43 | 68.3 | 51.4 | 44.3 | 55,706] 1.03] 90.7 


1936 | 7,403.7] 6,145.9} 710) 555| 539] 521] 208) 82) 41| 32/ 69.3! 55.0 42.4 | 55,708) 1.03} 90.8 
1937 | 7,488.3| — | 759] 616 228| 119} —| —|66.3| — | 41.6 | 42,360] 1.02} 91.2 


mulative solids treatment, on the basis of total solids, gave a reduction 
in total solids of about 28 per cent, which would indicate about a 50 per 
cent destruction of volatile matter. This appears to be a reasonable 
— 

Another source of error (one gn in the data presented) 
in the mathematical computations of the given data. The average 
monthly solids, suspended and total, are determined by adding the in- 
dividual solids determinations and dividing by their number. Average 
flows are determined the same way. The solids depositions are then 
determined on the basis of these average figures. If some of the flows 
are abnormal the average results will not be precise. Strictly speak 
ing, each day’s solids deposition should be computed separately or 
each day’s solids determinations weighted, when using monthly aver 
ages. In compiling the yearly report the monthly averages are aver- 
aged to give the yearly average. In this way the same error is again 
committed. For really precise computational work either median 
values or weighted averages should be used. 
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THE SEWERAGE OF DELHI 


By Joun AtpHetm Rarkes Bromace, HEsqr., M.Inst.C.E. 


Late Superintending Engineer, Health Services, Delhi 


Delhi, the Imperial Capital of India, has, through the ages, been 
the seat of government of numerous dynasties. The present city of 
Delhi, enclosed by massive walls, a great part of which are still stand- 
ing, was built by the Moghul Emperor, Shahjahan, in 1638-1666. 
With the British occupation, a residential area, known as the Civil 
Lines, developed to the north of the city while the latter expanded 
beyond its original walls. Such sewers as existed discharged, without 
treatment, on to a large farm to the south of the city walls and such 
liquid as the farm would not absorb overflowed to the river Jumna, 
on the right bank of which Delhi is situated. 

With the inception of New Delhi, the present Imperial Capital, 
immediately to the south of the city, the abandonment of the old sewage 
farm was essential and so, ineluded in the project of 1913 for the new 
capital, which is sewered throughout, were trunk sewers, which carry 
the sewage from the city through New Delhi and discharge, with the 
New Delhi sewers, by pumping, on to a sewage farm of 1250 acres at 
Kilokri. Delhi city is sewered on the combined system while New 
Delhi has a separate system of storm water sewers running direct to 
the river. Even in New Delhi, however, rain water finds its way into 
the foul water sewers. Adequate provision of storm overflows exists. 

In designing the scheme it was estimated that the population served 
would rise to 418,000 by 1955 and that a sewage flow of 8,360,000 Im- 
perial gallons (or 20 gallons per head) daily might, by that date, be 
expected. Arising from the construction of the new capital however, 
the population has increased beyond all expectations while the con- 
sumption of water per head of population has exceeded the original 
estimate. The population had reached 416,000 by 1933 and it is esti- 
mated now at over 550,000 while the hot weather water demand has 
risen to over 18 m.g.d. Suecessive extensions to the waterworks 
brought the capacity of the latter up to 21 m.g.d. in 1936 and further 
extensions to increase the capacity to 28 m.g.d. are about to start. 

Proposals for Exlarging—In the latter part of 1935, when the 
writer arrived in Delhi, the sewage farm had become waterlogged and, 
on account of mosquito breeding and its nearness to New Delhi, had 
become a menace to public health. Furthermore, on account of the 
inadequacy of the sewage pumping plant, sewage was heading up the 
main outfall and was overflowing through storm water outlets into 
open storm water drains in the urban area. The situation was most 
serious and plans and estimates for a complete scheme of remodelling 
were ready early in 1936. Construction started at the end of that year. 
The works came into full operation September 1, 1938. 

New Works.—The new works contemplate a population of 750,000 
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by 1955 with a dry weather sewage flow of 24 m.g.d. and are capable 

of dealing with three times this flow at times of rain. All storm water 

in excess of three times dry weather flow passes direct to the river 

Jumna which, in the rainy season, is in high flood and dilution is ample. 
The new works comprise: 


1. The remodelling of the storm overflows. 

2. The duplication of the outfall. 

3. Reconstruction and enlarging of the screening, detritus handling, 
and pumping plants. 

4, The construction of a new duct or sewer from the point of discharge 
of the pumps to the new disposal works. 

5. An activated sludge, surface aeration, purification plant with ancil- 
lary works. 

Outfalls—The original outfall sewer is a brick barrel, 66 in. in 
diameter and capable of carrying 36 m.g.d. This has been duplicated 
by a second sewer of the same size which, in its upper reaches, is of 
brick construction. Due, however, to the waterlogging which has 
occurred over the sewage farm, this sewer in its lower lengths is 
several feet below water level and here it is constructed of reinforced 
concrete. The use of aluminous cement for this sewer was considered 
but its behaviour under Indian climatic conditions being open to doubt, 
the idea was abandoned. A good watertight job has been obtained. 
The outfall sewers commence and terminate in junction chambers 
where the flow can be controlled by 66 inch, cast iron penstocks. At 
the lower end the junction chamber is joined to the screening plant. 

Screening Plant—The new screening chamber, which had to be 
built round the original works at Kilokri without stopping continuity 
of flow, and with a floor 15 ft. below standing water level, is over 40 
ft. diameter and contains two vertical screens 12 ft. by 8 ft. while, in 
the centre space occupied by the old outfall sewer before reconstruc- 
tion, there is room for a third screen should this be required. Screen 
bars have a clear spacing of °4 in. and are cleaned by grab type rakes 
with no moving parts permanently submerged in the sewage. The 
operation of the screen rakes is automatic and the screenings are 
discharged on to a moving belt and conveyed to tip wagons whence 
they are removed for burial or incineration. Due to the gross misuse 
of the sewers by an illiterate population, the amount of floating matter 
in Indian sewage is far in excess of that found under European (and, 
presumably, American) conditions. 

Detritus Removal.—Immediately beyond the screens are two curved 
weirs and a horizontal slab cutwater which divert the lower strata of 
the sewage, which contain the road grit, into two detritus separating 
wells, while permitting the upper strata to pass straight on to the 
suction channel feeding the pumps. On entering the detritus wells 
the sewage is deflected downwards and then, rising upwards, it drops 
its heavier, suspended matter. The liquid with the light organic matter 
still in suspension passes over radial weirs and back into the main 
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flow. A weighted plate, hanging on a horizontal axis, across the sew- 
age channels causes a slight heading up on the upstream face of the 
weirs to which reference has been made and this is sufficient to force 
a flow through the detritus wells. The wells have hopper bottoms 
and from time to time the grit is removed by a gravel pump in a column 
of water to a separator above ground level (Fig. 1). The water used 
for carrying the detritus is lifted to such height that it can pass into 
the rising main and so no head is lost. Experimental work is still in 
progress with a view to ascertaining what velocities through these wells 
give optimum conditions of efficiency. 





Fig. 1—Grit separator, Delhi. 


Pumping Plant.—The original pumping plant comprised three 
Worthington Simpson pumps, each with a duty of 12 m.g.d. against a 
maximum head of 60 feet. Steam is supplied by three Babcock and 
Wilcox watertube boilers. One boiler can supply steam for one engine. 
As usually one boiler is undergoing periodical cleaning only two pump 
units are available for normal running. The capacity of the plant is 
thus 24 m.g.d. or about three times the original contemplated maximum 
dry weather flow. As these pumps have many years of useful life, the 
levels of the new disposal works were so arranged that the head of 
the gravity sewer running onwards from the point of discharge of 
the pump rising mains is at the same level as the point of original 
discharge of the pumps. 

The new works being designed to deal with 24 m.g.d. dry weather 
flow or three times this amount at times of rain, additional pumps were 
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required and a new pumping station has been constructed. In this 
pumping station, six electrically operated units, each of 12 m.g.d. 
capacity, will eventually be located. At present three units have been 
installed (Fig. 2). Hach pump is direct coupled with an electric motor 
of 220 horsepower. The pump glands are sealed by filtered water 
supplied from a separate pumping system. Renewable eye and neck 
rings to the impellers enable the pump efficiencies to be economically 
maintained. These rings are subject to considerable wear and ex- 
periments with different types of rings are being carried out. 








Fig. 2.—Electric pumping plant, Delhi. 


The pump suctions are open ended and the pumps are primed by 
creating a vacuum in the pump body. Electrically operated exhausters 
are provided for this purpose. The exhausted air is discharged into 
the outside atmosphere through a ventilating shaft. The interior of 
the pumping station is completely free from odor. 

The pumps discharge into a 44 in. rising main and the flow therein 
is recorded by an ‘‘ Electroflo ’’ venturi meter. The venturi recorders 
are mounted alongside the switchboard. The old steam pumps dis- 
charge into a similar rising main. 

The pump makers’ guarantees provided for an overall efficiency of 
70 per cent working at a head of 57 feet while on official tests an 
efficiency of 76 per cent was obtained. 
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The pumping station building also contains the works offices, a large 
store and a workshop fully equipped for carrying out all running re- 
pairs. There is also an electrician’s workshop, forge and small 
foundry. 

Duct.—The rising mains are each about 800 ft. long and discharge 
into a junction well at the head of the so-called gravity duct running 
to the disposal works. This duct is about 4 miles long and is of ‘‘U”’ 
section, 6 ft. 3 in. wide and 7 ft. deep. Ventilation shafts are provided 
about every 800 ft. and manholes every 400 feet. 

Disposal Works.—Investigations showed that, owing to the level 
nature of the country, a gravity flow the whole way to any disposal 
works was impossible and so, in selecting the site for the purification 
plant it was desirable to so locate the latter that it could be commanded 
by gravity from the point of discharge of the original pumping plant. 
This has been done and use has also been made of rock strata under- 
lying the site to give a solid foundation for the deep sedimentation 
tanks. There is no water at the disposal works site, therefore a 4 in. 
water main had to be laid before work could commence. This line 
forms part of the finished scheme. 

On reaching the disposal works the sewage first passes through a 
flume recorder which, in addition to giving a local record of the mo- 
mentary flow, also transmits electrically a flow record to the office on 
the works. Similar recorders are fitted to the effluent and return 
sludge channels. 





Fin ee i nl al i ce 
pe : i, | Ti, Ne, enleene i “ 
,) fo OS) a oe 
& 


a 7 1 


OA A A SL SS SNES 


¥ 





Fic. 3.—General view of Simplex surface aeration plant at Delhi. Final sedimentation banks 
in the foreground. 





The purification plant (Fig. 3), as at present built, can deal with a 
dry weather flow of 18 m.g.d. but has been designed so that it can be 
readily extended, to deal with 24 m.g.d. The purification process is 
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divided into three stages: preliminary sedimentation (11% hr. deten- 
tion), aeration (12 hr.), and final sedimentation (6 hr.). The plant 
is divided, longitudinally, into three sections and the concrete retaining 
walls have been designed to permit any one section being dewatered 
without interfering with the operation of the rest of the plant. The 
outer wall at the south end has been designed as a pressure retaining 
wall so that it can resist water pressure when, at some later date, an 
extra 6 m.g.d. section is added at this end of the plant. Labor and 
cement in India are cheap, stone is available on the site, while sand 
was nearby. Reinforced concrete construction was, therefore, used 
wherever possible and it is believed that few activated sludge plants 
have such a large proportion of this class of construction. Maintenance 
costs on the structure will, therefore, be negligible. 

After passing the inflow recorder the sewage enters a feed channel 
running across the full width of the plant and into this channel the 
surplus activated sludge of the plant is discharged. Through 24 in. 
valves in the floor of this channel the sewage runs to the twelve pre- 
liminary settling tanks, each 30 ft. square, about 37 ft. deep and with 
hopper bottoms. Deflector boxes prevent the incoming sewage dis- 
turbing the surface of the liquor in the tanks. The clarified sewage 
passes to a balancing channel while the mixed sludge, collecting in the 
hopper bottoms, is run off, from time to time, under hydrostatic pres- 
sure through 6-in. drawoff pipes to a sludge channel and thence to 
the drying beds, which will be described later. 

The aeration tanks are fed from the balancing channel, and at the 
inlet end of these tanks the activated sludge is turned into the incoming 
sewage. ‘The aeration tanks are formed of 108 pockets, each 30 ft. 
square and in the centre of each pocket is an uptake tube of reinforced 
concrete. At the top of each of these tubes is a paddle wheel revolving 
on a vertical shaft, co-axial with the uptake tube and these paddles 
draw the contents of the pocket up the tube and throw them, in a 
finely divided state, over the surface of the tank liquor. Suitable baffle 
walls are provided, so that the sewage, in its passage through these 
tanks, follows a sinuous course and obtains the maximum amount of 
aeration. 

The aeration paddles (cones) are suspended from gearboxes 
mounted on long reinforced concrete bridges. Each gearbox contains 
a bevel drive with machine-cut gears and pump lubrication and is also 
provided with a clutch whereby any cone can be thrown out of opera- 
tion without disturbing the running of the rest of the plant. Flange 
couplings at the ends of each gear-box admit of its removal for repairs, 
and short lengths of shafting, with flanges, are carried as spares to 
admit of a given line of cones being kept running with a minimum of 
stoppage. Each bridge spans nine pockets and the lines of cones are 
driven by 36 horsepower motors mounted on a cross bridge spanning 
the aeration tanks. Expansion joints, both in the concrete and in the 
shafting, prevent any temperature stresses being transmitted to the 
machinery. Air temperatures at Delhi vary from a few degrees below 
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freezing on a winter night to 140° F. in the heat of summer. Expan- 
sion movements on a 270 ft. bridge are, therefore, considerable. Ball 
bearings are used throughout and grease nipple lubrication is em- 
ployed. 

The motors, which drive the shafting through chain drives running 
in oil baths, are of the double squirrel cage type, totally enclosed for 
outside operation. Each motor has, in addition, a hinged sheet metal 
cover, painted aluminum, to reflect back as much heat as possible. 

At the outlet end of the aeration tanks are adjustable weirs, whereby 
the level of the liquid in the tanks, and hence the cone submergence, 
may be varied within limits. The object of the process is, naturally, 
to produce an effluent complying with the required standards, with a 
minimum consumption of power. All cones, at present, run at the 
same speed and with the same submergence. Experiments are, how- 
ever, about to be carried out with the first two or three cones in each 
line rather more submerged than the others. This will give greater 
aeration at the point where greatest aeration is required. The over- 
flow weirs communicate with a second balancing channel from which 
the final settling tanks are fed. There are 48 of these tanks, which 
are of the same design as the preliminary settling tanks. The clear 
effluent is run off through steel overflow channels to the main effluent 
channel. A flume, recording the flow, is incorporated in this channel. 

The effluent has to comply with the British Royal Commission 
Standards, namely: 


The suspended solids must not exceed 3 parts per 100,000. 
The albuminoid ammonia figure must not exceed 0.2 per 100,000. 
The five-day B.O.D. figure must not exceed 2.0 parts per 100,000. 


Furthermore, the makers of the plant, under penalty, guaranteed 
that with the normal Delhi sewage these figures would be obtained 
with a power consumption not exceeding 450 units of electricity per 
million gallons treated. Official acceptance test figures, taken over a 
nine day test were: 


Suspended Solids; parts per 100/000 |... 2.6... ccc cee cee ee Max.: 1.30 

Min.: .60 Mean 0.95 
Bed Lutes CATT COS bas PLL) 1(0] 1) 1, ee ent ca a eae Max.: .14 

Min.: .12 Mean 0.13 
phase. 0 ful 88 0) Daa 3h 1 1) ae ae er Max.: 1.20 


Min.: .74 Mean 1.00 


Experiments are now being carried out checking power consump- 
tion against B.O.D. reduction. By American standards the consump- 
tion of water in Delhi is low and hence the sewage is strong, while, the 
distance to the disposal works being long, septic action in the sewage 
has taken place to a considerable extent. 

Power.—A 6600 volt three-phase overhead transmission line, seven 
miles long, runs from the New Delhi power station to the disposal 
works, with a branch to the Kilokri pumping station. The pumping 
station ean also be fed by an entirely independent line. 
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The transformers and switchgear at the disposal works are located 
in a building immediately alongside the plant and both on the high 
tension and on the low tension sides the installation can deal with the 
requirements of the plant when extended to deal with 24 million gallons 
daily. When the extensions to the works take place the spare panels 
of the low tension switchboard ean be connected without interfering 
with the operation of the plant. All circuits are separately metered 
and all cables are laid underground. The purification plant and the 
sludge drying beds are illuminated at night by large floodlights. 
Power and light plugs at convenient points all over the plant permit 
the easy connection of inspection lamps and temporary plant. Current 
is supplied at a through rate of 0.55 anna (1.10 cents) per unit. 

Sludge Return.—The activated sludge settled in the final settling 
tanks is removed periodically by ‘‘ Ames Crosta’’ automatic de-sludging 
gear to the sludge draw-off channel whence it is lifted to a flume in 
which it returns to the incoming sewage or to the inlets of the aeration 
tanks. A Lea Recorder is incorporated into this flume. There are 
four return sludge pumps of the horizontal split casing type and the 
glands are sealed by filtered water. 

Sludge Disposal——The mixed sludge from the preliminary settling 
tanks is drawn off through 6-in. piping to a sludge channel whence it 
runs through a spun reinforced concrete pipe to the sludge drying 
beds. These are situated about two-thirds of a mile from the main 
plant on lower ground and the sludge can be run on to the beds by 
gravity. The beds are 3 ft. 6 in. deep, of graded stone and sand, and 
measure 700 by 500 feet. They are divided by concrete roads and 
tramway tracks into six subsidiary beds and the sludge is fed to these 
through reinforced concrete channels. The sludge dries partly by 
evaporation and partly by draining. There is a growing demand for 
the sludge for use as manure while the surplus is removed in tip 
wagons to an adjoining depression. The liquor which drains through 
the beds is received on a concrete floor and runs into a collecting chan- 
nel, whence it is pumped back into the incoming sewage. The pumps 
for this duty are automatically controlled by float operated switches. 

Digestion.—The original project, prepared by the writer, contem- 
plated sludge digestion and the possible use of sludge gas for power 
purposes. During the hot weather, despite all precautions, fly breed- 
ing will start on these beds and sooner or later digestion, deferred in 
the first instance to reduce cost, will be adopted. The works are well 
away from urban areas but in a tropical country any process which 
encourages breeding of flies is to be deprecated. 

Laboratory Control.—The works have a fully equipped laboratory 
while, in the chemist’s office are electrically operated recorders showing 
the inlet, outlet and return sludge flows. In addition to the record of 
instantaneous flow, these recorders also have integrators and weekly 
charts. Samples of effluent and aeration tank liquor are taken every 
two hours throughout the day and night and an effluent well up to 
requirements is being maintained. 
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Costs—Figures of cost given below may be of interest. Much 
of the machinery had to be imported from abroad and a carefully pre- 
pared construction programme was necessary to enable the works to 
be completed within 21 months. Costs of the various sections were: 


Section Rupees Dollars 

CO AAR ea Serta eet ye eet sen oa 5) oaishe. cer doste Worst ha sh tia ere ao Oe 400,000 110,000 
SSCTERITINS ONG CUCU PIBNES ors. 5 568555 Vas v8 Ssh od 05 Gini s waa Melee oeeeuls 250,000 70,000 
Pumping station, plant and Tisike MAIN... . 5.56.6 cece ee eee ces 380,000 105,000 
YARRA EU Saints ag oh erate ano oa oe des GLE Gi: Winer bee DAO Se Aa awe 420,000 115,000 
Disposal works, including residential buildings, office, laboratory and 

REERRISENE IRPECRIARR Be on 50 Bg old ek ral SR LAS als ay ship Siig aap ambtegh.o ior abel eter 2,450,000 680,000 
ERR C OHA OMGIOCHEIC TIO cau 50)), 0 ee edie hare ca-alaia's ooal seid bib avocwisle 70,000 20,000 
NV OT SNMP E SINS errant, 2. else pana he alsa ane Tele easel eae 35,000 10,000 


The plant has not been in full operation for a year but operation 
costs are working out somewhat lower than estimated. Estimated 
annual running costs, allowing for repairs, operation and depreciation 
fund contributions are Rs. 350,000 (Dollars 100,000). The plant is 
administered by the Delhi Joint Water and Sewage Board to whom it 
was handed over free of debt charges. This undertaking controls the 
bulk supply of filtered water and the removal of all sewage from the 
Delhi urban area. 

Sale of By-Products——A channel nearly two miles long runs from 
the purification plant to the River Jumna. About 3000 acres of land 
are, however, commanded by gravity from this channel and irrigation 
is being rapidly developed. Charges for effluent are 25 per cent above 
those of the ordinary irrigation canals. A further 1100 acres is to be 
irrigated by pumping. In its route to the river, the effluent channel 
passes over the Agra Canal and arrangements have been made for 
discharging up to 12 cusees into this channel. Very little water will, 
therefore, reach the river, except at times of rain. At such periods 
the river is in heavy flood and a very heavy dilution is obtained. At 
certain periods of the year the flow in the river is very low and risk 
to public health might occur if large quantities of effluent were turned 
into the river at such times. A gaseous chlorine plant has, therefore, 
been provided and this ean give a dose of up to 3 p.p.m. of chlorine to 
the sewage. This plant will only be operated for a few months in 
the year and, as irrigation develops, to a decreasing amount. 

Sales of sludge are developing slowly but it is anticipated that 
once the results on one crop have been seen, the demand will rapidly rise. 








Stream Pollution 





IMPOUNDING RESERVOIR IN STREAM PURIFICA- 
TION WITH RESPECT TO SLUDGE BANK 
FORMATION * 


By G. M. Ripenour anp C. N. Henperson 


Associate and Laboratory Assistant, Dept. Water and Sewage Research, New Brunswick, N. J. 


A major factor in stream pollution problems is the extent and char- 
acter of sludge deposits, which form to more or less extent in practically 
all cases where sewage dilution is practiced. Interest in this phase of 
the problem lies principally in (1) the quantity of sludge deposited, 
(2) its character, with respect to nuisances and odors, and (3) the oxy- 
gen demand created on the diluting medium. 

Data on the subject published in this country have been provided by 
the laboratory work of Baity,’ Streeter,’ Rudolfs,’ and Fair and Moore * 
in which sludges were studied under controlled conditions, and by the 
investigations of Rudolfs ° on the Connecticut River under natural river 
conditions. 

It is hoped that the information given in this paper will add to the 
knowledge by giving some characteristics of sludge bank formation 
under various conditions which affect the natural quantity, composition 
and changes of sludge deposits in a quiescent body of water receiving 
the effluent from a trickling filter plant. 

The situation consists of a small stream receiving a comparatively 
large volume of tricking filter effluent, which passes through an im- 
pounding reservoir of 1 to 5 days detention period. Previous studies ‘ 
on this same location have been given by one of the authors to show 
(1) the effect of the reservoir on the reduction in biochemical oxygen 
demand of the stream-sewage effluent mixture, (2) reduction of B. coli, 
(3) reaeration by the dam overfall, (4) dissolved oxygen depletion in 
the reservoir and (5) coefficients of deoxygenation and reaeration. Re- 
sults were obtained under both winter and summer conditions. 

While the body of water showed effective purifying aid to the stream 
and furnished decided advantages, it was still a question as to what 
disadvantages might arise due to long-term accumulation of sludge 
deposits, especially with respect to the rate of accumulation of sludge 
and to the character of the material which it might ultimately be neces- 
sary to remove. Subsequent studies have now been made with respect 
to the second phase, 7.e. the extent and character of sludge bank forma- 
tion in the same reservoir. 

The results of studies on this phase of the situation are given in this 
paper. 

* Journal Series Paper, N. J. Agricultural Experiment Station, New Brunswick, N. J., 


Dept. Water and Sewage Research. 
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GENERAL SITUATION 


A plan of the reservoir in relation to stream inlets and outlet and 
sewage plant outfall is shown in Fig. 1. The reservoir has an approxi- 
mate area of 225,000 sq. ft. and a capacity of 15,000,000 gallons. Aver- 
age stream flow through the reservoir was 8.0 ¢.f.s. with a maximum of 
27.0 ¢.f.s. and a minimum of 4.7 ¢.f.s. The sewage flow, included in the 
previous figures, was 1.46 c.f.s. 

The reservoir has been receiving the treated sewage and stream 
water mixture for the past eight years. During the first year of this 
period the sewage effluent was introduced in stream A above the reser- 
voir entrance in the location shown in Fig. 1. During the succeeding 

















Fig. 1—Quantity of sludge-sediment accumulated in 8 years operation. 


five-year period the sewage was introduced into the pond at the location 
shown by the plant outfall, and the stream water entered through a 
new channel located at B. In the last two years the stream water has 
been separated from the sewage and re-diverted to the entrance at A, 
the sewage outfall remaining in the same location. 

The sewage effluent is from a typical trickling filter operating at 
standard rates. The plant consists of primary sedimentation, filtration 
and secondary settling combined with chlorination. The biochemical 
oxygen demand of the plant effluent varies between 25 and 40 p.p.m. 
Suspended solids in the effluent have approximately the same range with 
an average value of 32 p.p.m. 

Of particular interest to this study were the character and quantity 
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of the suspended solids. Analysis of the suspended solids on a cen- 
trifuged sample showed the following characteristics: 


pH, 6.6 B.O.D. per gram solids, 274 mg. 

B.O.D. per gram vol, solids, 540 mg. 
Nitrogen, 4.9 per cent on total sol. basis 
Nitrogen, 8.3 per cent on vol. matter basis 


Volatile matter, 69.5 per cent 
Centrifuged solids, 8.4 per cent 


Approximately 92,000 Ib. or 46 tons of these solids, on the dry basis 
are introduced into the reservoir each year. 


Resuuts 


The investigation has been made and results compiled to show three 
principal factors in the situation: first, the quantity of sludge acecumu- 
lated in the form of banks in the pond, second, the character of the 
material deposited, and third, the oxygen demand of the sludge deposits. 
Correlations are also made showing the nitrogen changes in the sludge. 








To Solids 


~— S 
9. Volatile matter 














Fig. 2.—Volatile and solids content of sludge-sediment with respect to lateral distribution. 
i 

The quantity of sludge accumulated and its lateral distribution over 
the eight year period are shown in Fig. 1, in the form of a topographical 
plate of the lake bottom giving depth of sludge deposits in feet. This 
information was obtained by means of a survey of the bottom before 
and at the end of the eight-year period. The figures show the depth 
and conformation of the deposits in feet. 

The character of material deposited with respect to solids, volatile 
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matter, biochemical oxygen demand and nitrogen content is shown in 
Figs. 2 and 3 and Tables I and II. Table I shows the analysis of the 
sediment at both transverse and vertical locations in the reservoir. 
Table II gives the comparative composition of the top and bottom strata 
of the sediment. Figs. 2 and 3 show the relative composition of the 
sediment at significant transverse locations. 









(20 Oay) 
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Fig. 3.—Biochemical oxygen demand and nitrogen content of sludge-sediment with respect to 
lateral distribution. 


Samples were collected vertically from the top and bottom of the 
sediment laver by means of a self-closing sampling device which per- 
mitted collection at the selected depth. 

Methods of analyses conformed to the A. P. H. A. ‘‘Methods of 
Water and Sewage Analyses’’ for sludge and sediments. 


Discussion oF REsuutTs 


Total Quantity and Distribution of Sediment.—One of the questions 
of most practical importance is the rate of accumulation of sludge or 
sediment in the reservoir. This question is of specific significance in 
deseribing the life of a natural basin used as an adjunct to stream 
purification, with respect to diminishing capacity requirements, and in 
the prediction of required cleaning intervals. 

In this instance there are three major factors contributing to the 
increase in bottom sediment i.e., (1) silt carried by the stream flow, (2) 
suspended solids contributed by the sewage plant effluent together with 
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TaBLE I.—Analysis of Sludge and Sediment Deposit 


















































; | 20-day B.O.D. in Mg.| Per Cent Nitrogen 
Per Cent <a : a4 |——_____ 

Location Solids Volatile | : | i a a pH 

' Matter | per Gm. | per Gm. Total Volatile 

Solids | Vol. Mat.| Solids Matter 
1. Top.....| 37.0 12.8 | 82 | 61.5 0.34 2.63 6.2 
Bottom..| 41.2 24 | 54 | 481 0.43 3.45 5.8 
e..... 33.6 135 | 56 | 402 0.36 2.67 6.2 
Bottom..| 48.4 11.7 | 46 | 41.0 0.25 2.15 5.8 
3. Top.....| 256 | 150 | 81 | 55.0 0.47 3.19 6.4 
Bottom..| 525 | 1.0 | 55 | 51.5 0.23 2.10 5.9 
Be | Ce | —- —~- - — a -- — 

Bottom. .| — = . — = = - 

5. Top.....| 409 | 11.0 | 73 | 68.5 0.29 2.67 5.9 
Bottom... | 48.8 | 105 | 27 | 26.0 0.25 2.42 6.3 
6. Top..... 444 | 121 | 12.2 102.0 0.25 2.10 6.4 
Bottom..| 47.5 | 11.8 4.4 31.5 0.34 2.44 5.7 
7.Top...... 486 | 13 | 41 36.5 0.30 2.67 6.5 
Bottom..| 523 | 110 | 96 | 860 | 0.23 2.09 6.6 
8. Top.....| 358 | 118 | 84 | 73.0 | 0.32 2.74 6.0 
Bottom 492 | 98 | 35 35.0 | 0.25 2.54 6.5 
9. Top.... 278 | 151 | 4141 96.0 | 0.49 3.24 6.3 
Bottom..| 43.9 | 11.0 | 7.1 65.0 | 0.27 2.48 6.2 
10. Top.....| 10.1 | 29.4 50.5 174.0 1.42 4.8 6.5 
Bottom..| 274 | 158 | 100 | 63.0 0.54 3.44 6.5 
11. Top.....| 298 | 155 | 106 | 67.0 0.47 3.08 6.6 
Bottom. 442 | 10.0 24 | 24.0 0.28 2.77 6.5 
12. Top.....| 38.4 12.9 4.6 | 35.0 0.33 2.64 6.4 
Bottom..| 53.5 10.0 0.9 | 9.0 0.21 2.10 6.2 
13. Top.....| 34.0 14.0 10.0 | 720 | 0.238 2.75 6.4 
Bottom..| 428 | 11.7 | 53 46.0 | 0.33 2.82 6.4 
14. Top.....| 299 | 146 11.2 | 770 | 0.48 2.96 6.6 
Bottom. 50.7 9.2 3.7 40.0 0.22 2.34 6.1 
15. Top..... 35.6 12.8 24 | 182 0.32 2.60 6.2 
Bottom. 41.1 10.7 | 10 | 9.3 0.28 2.62 6.0 
16. Top.....| 19.8 200.0 | 172 | 880 0.78 3.82 6.5 
Bottom..| 46.5 us | 14 | 120 0.26 2.21 6.0 
17. Top.....| 36.1 13.0 | 63 | 485 | 0.37 2.86 5.9 
Bottom..| 46.4 10.5 | 35 | 331 0.28 2.64 5.8 
18. Top..... 40.6 12.9 94 | 72.0 0.33 2.57 6.4 
Bottom..| 52.7 os | 22 | 9 0.23 2.34 6.2 
19. Top.....| 49.9 ms 3 3.5 | 31.0 0.25 2.20 6.5 
Bottom..| 49.9 11.0 | 100 99.0 0.27 2.39 6.5 
Average.| 40.4 12.7 7.7 54.4 0.38 | 2.72 6.2 





colloidal material, some of which may precipitate through the physical, 
chemical, and biological activities in the diluted mixture and (3) the 
growth, death and decomposition of reservoir plankton and vegetation. 
The net results of all three have been quantitatively determined by 
direct measurement. During the eight-year period the total quantity 
of sediment added to the reservoir bottom by measurement has been 
65,000 cu. ft., or approximately 2,100 tons, with average composition as 

















Vol. 11, No. 3. IMPOUNDING RESERVOIR IN STREAM PURIFICATION 503 


TaBLE II.—Comparison of Top and Bottom Sediment 


















































: B.O.D. in Mg. | Per Cent Nitrogen 
Per Cent Per Cent 

Location erent | Volatile pH 

Solids | fatter | per Gm.| per Gm.| Total | Volatile 

Solids |Vol. Mat.| Solids | Matter 
Maximum....} 49.9 20.0 50.5 174.0 1.42 4.80 6.6 
Top —Minimum..... 10.1 11.3 2.4 18.0 0.25 2.10 5.9 
Average..... 34.3 14.4 10.7 67.5 0.42 2.89 6.3 
Maximum.... 53.5 15.8 10.0 99.0 54.0 3.45 6.6 
Bottom—Minimum..... 27.4 9.2 0.9 9.0 21.0 2.09 by 

a be zaha = 
_ Average... . | 466 | a | 46 41.3 0.29 | 2.53 6.2 

follows: 


Total Solids = 
Volatile Matter = 
B.O.D. per gram Solids = 7. 7m mg. 


B.O.D. per gram Vol. Solids = 54.4 mg. 
Nitrogen, Total Solids 0.38 per cent 
Nitrogen, Vol. Matter 2.72 per cent 
pH = 6.2 per cent 


This indicates that, quantitatively speaking, the theoretical natural 
effective life of the reservoir to be expected under the present loading 
is approximately 31 years. On a basis relative to plant capacities, ap- 
proximately 22 cu. ft. of reservoir capacity per ton of solids per year 
is needed, including accumulation due to silt and vegetation. The rate 
of accumulation of total sediment is about 3 per cent per year. This 
does not take into consideration however, the possible prolongation of 
the life due to decreasing sedimentation efficiency with decreasing capa- 
city, which would eventually become an effective factor. 

It is also of interest to consider the quantity of sediment that has 
been contributed to the composite bottom sediment by the sewage solids. 
During the eight-year period the quantity of suspended solids intro- 
duced in the pond, as estimated from the sewage plant effluent analysis, 
was 736,000 pounds on a dry solids basis. Investigations show ap- 
proximately 95 per cent retention of solids in the reservoir. With this 
efficiency 699,000 pounds of dry solids would be added to the bottom 
sediment by the sewage. Destruction of volatile matter in amount 
indicated by the data would reduce this to 277,000 pounds. 

With an average solids content of 40 per cent, the maximum quan- 
tity of solids contributed to the bottom sediment by the sewage has 
been 693,000 pounds or 11,000 cu. ft. on a wet basis. The quantity of 
bottom sediment actually accumulated has been 65,000 cu. ft. Thus 
only 17 per cent of the sediment accumulated has been due to the sludge 
from the plant and 83 per cent due to silt and decaying vegetation. On 
a unit working basis, 3.9 cu. ft. of lake capacity is therefore needed per 
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ton of sewage solids per year, exclusive of natural silt and sediment 
earried by the stream. 

Character of Sediment—Physical and Chemical.—A second question 
of practical importance is the nature of the sediment. As shown in 
Table I the composite material contained 40.4 per cent solids, with a 
volatile matter content of 12.7 per cent. The 20-day B.O.D. of the 
material on a total solids basis was relatively low (7.7 mg. per gram of 
total solids). The B.O.D. per gram of volatile solids was 54.4 milli- 
grams. Nitrogen on total basis was 0.38 per cent and on a volatile 
basis 2.72 per cent. The pH of the composite material was 6.2. 

For purposes of determining the relative state of decomposition of 
the lake deposits, analyses were made on the sediment from two other 
sources in the vicinity representing natural conditions without sewage 
solids contamination. Samples were collected from a small pond lo- 
sated in the stream just above the lake under consideration. The other 
location was taken from a field in the immediate vicinity. As compared 
to the lake deposits and suspended solids in the plant effluent these loca- 
tions gave: 


Mg. B.O.D. | Per Cent 


Per Cent 


(20 day) Nitrogen 
| me | pH 
ae OE Lead Pio 
me. neo Pe ae 
| Solids | Mat. | 
Lake deposit (avg.)........ 10.4 | 12.7 77 | 544] 038 | 27 | 62 
Thompsons Pond (above lake). . 49.5 95 | 18] 19.8 | 0.25 | 26 | 6.1 
Solan wicimity ................ 78.6 5.0 | 0.2 4.5 | 0.12 | 2.5 | 6.2 
Susp. sol. (sew. eff.)...... 91.6* | 69.5 | 370 540 | 49 | 83 | 66 


* Centrifuged. 


This shows that with respect to the indices used, the average analysis 
of the material in the lake was not far from that deposited under the 
natural unpolluted conditions of Thompsons pond, with the exception of 
the B.O.D., which is materially higher than that of the material de- 
posited under nonpollutional conditions. 

The extent of decomposition of the sludge from the plant is also 
indicated by the comparison between the analyses of the suspended 
solids in the sewage effluent as compared with the analyses of the lake 
bottom deposits in the above table. 

The composition of the sludge with respect to lateral distribution is 
shown in Fig. 2. It would seem logical to assume that at greater dis- 
tances from the source of pollution the material would show increasing 
characteristics of decomposition. A slight tendency is shown in this 
respect over the broad area of the lake. Significant differences, though, 
are limited to a relatively small area around the plant outfall. The 
character of the sediment with respect to the state of decomposition 
changes rapidly for a distance of 200 feet from the outfall, with 94 per 
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cent destruction of volatile matter. At this point the characteristics 
are approximately the same as other more extended portions of the 
area. 

It was also thought of interest to observe the differences in decom- 
position of the more finely divided or precipitated colloidal material 
which might be carried to the farthest parts of the lake. The data in- 
dicate that this material was practically the same as the heavier, coarser 
material settled nearer the outfall. 

With regard to vertical distribution, Table II shows more significant 
differences. The bottom layer of the deposited sediment shows a 
distinctly higher stage of decomposition than the top strata, from the 
viewpoint of all indices used. However, the differences are not pro- 
portionate to the age of the deposit. The average age of the bottom 
layer represented by the sample is estimated at 6 years and that of 
the top layer at 2 years. 

Bacterial and Microscopic Aspects.—Microsecopie observations and 
bacterial counts were made on the top and bottom sediments. 

Active protozoan population of the material, with the exception of 
a few sewage forms in the area surrounding the sewage outfall, was 
practically absent. The sediment contained numerous shells of dia- 
tomaceous forms, which had apparently settled to the lake bottom from 
the overlying water, but otherwise was practically barren. 

The bacterial population of the sediment was likewise relatively low. 
In fresh material immediately surrounding the sewage outfall, the 48 
hour plate count was 310,000 per gram of material in the top layer of 
sediment and 380,000 per gram in the bottom strata. In the more aged 
sediment the counts were 160,000 per gram of sediment in both the top 
and bottom layers. 

On the basis of organic material, the bacterial counts in the fresher 
material near the outfall were 10,500,000 and 8,800,000 per gram of 
organic material in the top and bottom layers respectively. In the 
older material the counts were 3,300,000 per gram of organic material 
in both the top and bottom layers. The bacterial examinations in- 
dicate that the stationary population of the bottom sediment was about 
3,000,000 bacteria per gm. of volatile material, which represents ap- 
proximately 30 per cent of the population of the more freshly intro- 
duced solids. This ultimate figure is somewhat less than that given 
for solids. Waksman® indicates counts of from 320,000 to 500,000 
bacteria per gram for sandy soils and 360,000 to 600,000 per gram for 
loamy soils. On the basis of organic material, this would amount to 
approximately 8,000,000 to 15,000,000 bacteria per gram for the soils 
as against 3,300,00 per gram of organic material in the lake sediment. 
Total plate counts in fresh solids and actively digesting sludge run 
from 10 to 20 billion per gram of volatile material. 


GENERAL Discussion 


Impounded Waters as Sewage Treatment Unit.—A general survey 
of the foregoing data and references would indicate that impounded 
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bodies of water have a function in the process of sewage purification, 
especially where natural conditions are available for such use, or where 
a lake can be artificially created at moderate cost. Such reservoirs 
with suitable organic loadings appear to be capable of adequately treat- 
ing both the sewage liquor and suspended solids; the former aerobically, 
and the latter by a combination of both aerobic and anaerobic proc- 
esses. They would appear to be especially valuable as a final adjunct 
to sewage purification processes, under situations where a very high 
quality of stream water is desired, thus requiring the oxidation of 
relatively little remaining pollution, which is hard to obtain economic- 
ally with artificial sewage plant processes. 

This function of lakes is illustrated with respect to sewage liquor 
and suspended solids. With sufficient natural diluting water the dis- 
solved and colloidal organic matter in the sewage is readily oxidized, 
destruction of B. coli is positive, and settleable solids of sludge forming 
characteristics are rapidly decomposed. 

During the passage through the pond, B.O.D. reductions of the 
polluted water amounted to 66.5 per cent during the summer and 52.5 
per cent during the winter. B. coli were reduced 76 per cent during the 
summer and 40 per cent during the winter. Suspended solids of sludge- 
forming characteristics were decomposed, without nuisance, with 94 
per cent destruction in volatile matter and a reduction in B.O.D. of 
approximately 90 per cent on a volatile matter basis. Reduction in 
suspended solids amounted to 95 per cent. 

These results were secured with a loading equivalent to a rate of 
application of sewage amounting to 190,000 gallons of trickling filter 
effluent per acre of lake area per day. Rates of application customarily 
used on sand filters receiving similarly treated sewage are from 250,000 
to 300,000 gallons per acre per day. Under naturally favorable condi- 
tions, the equivalent cost of construction may be relatively small. This 
is especially true since shallow areas would be preferable to deep ones 
for maximum purification rates. Greatest surface area for oxygen 
absorption and greatest biological concentration per unit volume of 
water is secured in the shallower areas. 

Operation of an impounded water under natural conditions might 
allow potential nuisances to exist in two ways; first, odors arising from 
depletion of oxygen in the water and second, nuisances accompanying 
the removal of sludge from the area, which might eventually be re- 
quired in order to maintain reservoir or lake capacities. 

The data in the present study indicate that, at least as far as sewage 
treatment is concerned, odors or nuisances have not occurred. The 
dissolved oxygen content of the lake effluent averaged 7.4 p.p.m. during 
the winter period and 2.2 p.p.m. during the more critical summer 
period, thus allowing ample margin for prevention of odors. Experi- 
ences also indicated that much lower limits of oxygen could be tolerated 
without nuisance. At one of the most critical hot weather drought 
periods experienced in the operation of the pond, the dissolved oxygen 
fell as low as 0.5 p.p.m., with no attendant odors or nuisance. With 
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respect to nuisances attending the possible necessity for removal of 
sludge, the data indicate that these troubles should be much less than 
those encountered with sludge from the most efficient digestion proc- 
esses. Destruction of volatile matter of the sludge which would have to 
be removed amounted to about 94 per cent under the natural aerobic- 
anaerobic processes of the lake unit, as against an expected reduction 
of 50 to 60 per cent in digestion tanks. Volatile matter content varied 
between 11 and 15 per cent, as against 45 to 55 per cent for sewage 
sludge. Biochemical oxygen demand on both total and volatile solids 
basis was likewise relatively low in the sludge from the impounded 
waters. 

Maintenance problems of the reservoir are practically negligible. 
The vigorous growth of weeds and plants appears to be the largest cur- 
rent problem. However, the only objection to such growths is their 
contribution to the accumulating sediment. No attempt was made to 
remove the growths or to control their growth. At the end of eight 
vears of operation they are still considered unobjectionable. Mosquito 
propagation has also been unimportant. Routine measures consist of 
occasionally oiling certain sections of the lake with the same frequency 
as unpolluted water and swamp areas in the vicinity. 

The greatest long range problem of maintenance can probably be 
considered that of removal of sediment after it has accumulated to 
such an extent that the capacity of the reservoir is impaired. This 
would inelude removal of both silt and sludge residue. The total vol- 
ume of residue, including silt, to be removed would be less at the end of 
eight years, in this instance, than the same volume of sludge to be 
handled from a digestion tank. Assuming a destruction of 50 per cent 
volatile matter in a digester, the equivalent volume of accumulated 
material to be disposed of from a digester at the end of eight years 
would be 77,000 cu. ft. with 90 per cent moisture content. This com- 
pares to an accumulation in the pond during a similar period, of 65,000 
cu. ft. of sediment with 60 per cent moisture. The equivalent volumes 
with respect to air dried sludge would however be much smaller for 
the digester. On the basis of equivalent moisture contents the quantity 
of sludge would be about 22,000 cu. ft. from the artificial process as 
against 65,000 in the lake. It should be kept in mind that the greatest 
mass of deposit is caused by silt carried into the pond by the stream 
and from adjacent lands. 

Oxygen Demand of Slidge—Aside from immediate practical ap- 
plication in this situation, but of technical interest, is the indicated 
oxygen demand on the stream or reservoir water created by the sludge 
under natural stabilizing conditions. 

Under operating conditions, where a continuous source of pollution 
exists, the composite unit oxygen demand of the sludge consists of rates 
created by material of composition varying from freshly deposited 
sludge to sludge which is the age of the sludge bank. Oxygen demand 
of the material is usually thought of in terms of freshly deposited ma- 
terial, with the presumption that after the customary carbonaceous 
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stages of decomposition observed in the laboratory, the demand of the 
sludge is essentially satisfied. 

The foregoing data show a relatively rapid and extensive decom 
position of freshly deposited sludge, but also a certain oxygen demand, 
either potential or active, which continues to exist after prolonged 
periods. 

If the assumption is correct that the age of the deposit is propor 
tional to the depth at which the sample is collected, this study indicates 
that even after an age of six years (lower deposit) the oxygen demand 
of the sludge deposits, as measured under laboratory conditions, may 
still persits at a rate which is of significant proportions. 

The relative persistence of the oxygen demand of the organic ma- 
terial is shown further by comparisons with the results reported by 
Baity* and Rudolfs * which were obtained under aerobic conditions in 
the overlying liquor, similar to those existing under natural aerobic 


conditions. 
Mg. B.O.D. per Gm. Vol. Matter 
Age of Material (20 day) 
Baity..... : .. Fresh material 455 
This Study...... . Fresh (filter oxidized) 540 
Rudolfs...... . 1 year old 140 
This Study...... . 2 yrs. old (average) 67.5 
This Study...... .. 6 yrs. old (average 41.3 


These figures show that while the rate of decomposition of the ma- 
terial decreases rapidly to a low figure after the first stages of decom- 
position, it still may persist on a volatile basis for a period of years. 
Although the volatile constituents as well as the B.O.D. decreases, it 
would seem possible that the cumulative effect of decomposition of this 
more resistant material may with the passage of time and quantitative 
accumulation amount to very significant figures as compared to the 
more freshly deposited material. 

The extent of oxygen demand of the older material can be illus- 
trated, on the basis of the previous data, with respect to the relative 
component demands of a unit volume of composite sludge bank 8 years 
old. This is shown by the following tabulation. 


Mg. B.O.D. Per Cent 


ee Per Cent per Gm — Demand 

Sludge Component sy Vol Vol Mat — anniek 
of Sludge M: mM ten. t Demand ; 

(dry Matter Solids Mg. | to Each 

(20 day) Sludge 
Fresh material 1 73 540 395 2.1 
0 to 1 yr. old... 262 30 140 =| «11,100 | 57.5 
1 to 8 yr. old. . 1,197 12 54 | 7,876 | 40.4 


This tabulation indicates that whereas the oxygen demand of the 
oldest sludges per unit volume of material is only a small per cent of the 
demand of the fresh material, the relative total quantitative demand of 
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the old material in the sludge deposit amounts to significant propor- 
tions. The accumulated material from 1 to 8 years old appears to com- 
pose approximately 40 per cent of the total oxygen demand of the sludge 
deposit. 

The important question in this consideration is whether the demand 
of this older material is potential or active. The active demand would 
depend on the contact between the sludge and overlying oxygen bearing 
medium by diffusion. Lack of diffusion and waste of by-products of 
decomposition in the older and lower strata of the sludge might also 
account for the slower rate of decomposition of the more resistant ma- 
terial. If such is the case the demand of the older material is largely 
potential and would exert small current effect on the depletion of the 
overlying waters. Increased effect would be exercised only by removal 
of the top strata of sludge or by thoroughly mixing with the overlying 
water. 

On these premises a sludge bank can be considered as having two 
separate influences; first, an active demand for oxygen created by that 
material in contact, either physical or diffusory, with the oxygen bearing 
water, and second, a potential demand of significant magnitude created 
by the material decomposing under anaerobic conditions. The magni- 
tude of each of these depends on the relative quantities operating under 
aerobie or anaerobie conditions. Likewise the current oxygen demand 
on the stream water will depend upon the quantitative relation between 
the aerobie and anaerobic portions of the deposit. The current oxygen 
demand upon the overlying water would be a minimum with a maximum 
proportion of the deposit under anaerobic conditions and conversely a 
maximum with the minimum proportion of the deposit under anaerobic 
conditions. The former would require that the sludge deposit be sub- 
jected to a minimum disturbance which is more easily obtained by im- 
pounded water than under stream conditions. Hence the impounded 
waters seem to give the additional advantage over normal stream 
disposal, of decomposing the suspended solids component of pollution 
with less oxygen demand on the stream waters. 

Nitrogen Changes in Sludge.—The relative changes of carbonaceous 
and nitrogenous material during the course of decomposition in the 
reservoir are of interest. In the more artificial decomposition of or- 
ganic material in sewage treatment plants, reduction of nitrogenous 
material lags behind carbonaceous decomposition and as a result con- 
stitutes a greater part of the oxygen demand during the latter stages of 
destruction. This tendency should be the same in the natural lake 
basin if the same fundamental factors of aerobic and anaerobic proc- 
esses are active. 

The results given in the following tabulation show the relation be- 
tween nitrogen, B.O.D. and volatile matter in the sludges at various 
points in the lake. 

It will be observed that in the earlier stages of decomposition the 
increment of decrease in B.O.D. exceeds the increment of decrease in 
nitrogen for the corresponding period, but in the later stages the in- 
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Ratio | | | Ratio 
Mg. N | Der Cont | Increment Mg. — Increment 
| per | Decrease | om B.O.D. Decrease of 
| Gm. Vol. | | Decrease | per Gm. Decrease 
Matter | Vol. Mat. | 
Age Material | | | 
ge Sixx sis. ss | ; 540 | 
| ee 29 | #64 | 64 | 67 | 87 87 
6 yr.old........... 2 | 7 | 6 | 4 | 92 5 
Location of Material | 
Lo SS ae 83 540 | 
At outfall......... 41 50 50 118 78 78 
100 ft. from outfall... . 299 | 6 | 15 45 | 91 : 2 
250 ft. from outfall. 27 | 68 3 22 | 96 | 5 


erement of decrease is of the same order in both cases. This would 
indicate that the carbonaceous material is decomposed in the earlier 
period of destruction and the nitrogenous material constitutes the more 
resistant part of the later oxygen consuming stages. The data also 
shows, by the very small increments of decrease in the oldest material 
as corresponding to the relatively large percentage of nitrogen remain- 
ing, that the decomposition of the remaining nitrogenous material will 
be extended over a comparatively long period. This would appear to 
account in part for the persistent oxygen demand of the relatively old 
sludges in the deposit which was noted in previous parts of the dis- 
cussion. 
SUMMARY 


Studies were made on the quantity, character and oxygen demand of 
sludge deposits formed in a lake receiving trickling filter effluent. In- 
vestigations included quantity of sludge accumulated, chemical composi- 
tion with respect to solids, volatile matter, nitrogen, biochemical oxygen 
demand, and pH. Microscopic and bacterial examinations were made 
on the sludge. 

The quantity of sediment accumulated amounted to approximately 
23 cu. ft. of lake or reservoir capacity per ton of sewage solids per year 
which included sewage solids, natural silt accumulation and decaying 
vegetation. This amounted to a rate of accumulation of sediment of 
about 3 per cent per year of reservoir capacity. 

Proportion of total sediment due to sewage solids only is estimated 
at 17 per cent of the total accumulation. This amounts to 3.9 eu. ft. of 
lake capacity per ton of sewage solids per year. 

The character of the composite sludge deposit differed from non- 
sewage polluted sediment in the vicinity, principally with respect to 
biochemical oxygen demand, which though sufficiently low to prevent 
nuisances, was materially higher in the lake sludge-sediment. The 
volatile content of the sludge-sediment was also higher but the destruc- 
tion of volatile matter amounted to 93 per cent within a relatively short 
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time. Other indices, such as pH, nitrogen and solids, were practically 
the same in the polluted and nonpolluted sludges. 

The sediment showed a significantly higher degree of decomposition 
in the bottom layer than in the top layer. Horizontally, the sludge 
deposit was practically uniform with the exception of a small area sur- 
rounding the outfalls. 

The studies on oxygen demand of the sludge by laboratory methods 
indicated a persistent demand by the older material, which although 
decreasing, constituted, due to mass accumulation, 40 per cent of the 
total composite demand of the entire sludge deposit. It is estimated 
that this demand was due largely to the more resistant nitrogenous 
plus remaining carbonaceous material and that the demand is potential 
rather than active. 

Microscopic observations showed almost complete absence of pro- 
tozoan forms in either the top or bottom strata of sediment. Bacterial 
counts were relatively low, amounting to approximately 310,000 to 
380,000 per gram of material in the top and bottom stratas, respectively 
of the fresh material or 10,500,000 and 8,800,000 per gram of organic 
material. In the older sediment counts ran as low as 3,310,000 per 
eram of organic material. Fertile soils may have from 8,000,000 to 
15,000,000 bacteria per gram of organic material. 

The general results of eight years experience indicates that im- 
pounded bodies of water, operating under natural conditions, offer < 
capable unit in the process of sewage purification, where natural con- 
ditions are available for such purposes. This applies with respect to 
(1) reduction of B.O.D., suspended solids, and B. coli and (2) decom- 
position of settleable solids with less oxygen demand on the stream 
waters. 
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THE SEPARATION AND RECOVERY OF PAPER FIBRE 
FROM WASTE MILL WATER * 


R. S. Haw.ey 


Professor of Mechanical Engineering, Univ. of Michigan, Ann Arbor 


This paper is intended to cover in a somewhat condensed form the 
methods used to separate and recover paper fibre from the waste mill 
water at the Number 3 Plant of the Consolidated Paper Company, 
Monroe, Michigan, together with some of the difficulties encountered 
and the results secured to date. 

Since the author does not consider himself an authority on either 
the manufacture of paper board or on sewage disposal in general the 
paper is confined to a consideration of the methods employed and the 
results obtained in this plant. 

All paper mills and particularly those that manufacture paper 
board use large quantities of water in the manufacturing process. The 
quantity varies with the kind and quality of board, the re-use of water 
and the control of water in the process. Information from a number 
of board mills indicates that the quantity of water used varies from 
30,000 to 50,000 gallons per ton of product. In this plant the sus- 
pended solids content, as indicated by a number of sample tests, 
amounted to about 3.5 pounds per thousand gallons of water. In 
strawboard manufacture and in the manufacture of panel board in wet 
machine mills the solids content may be as high as 12 to 15 pounds per 
1000 gallons, but the quantity of water used per ton of production is 
considerably less than in paperboard mills. 

The principal product made at this plant is liner board. There are 
two board machines which have a combined output of 220 to 240 tons 
per 24 hours. The base or raw material used in the manufacture of 
the board is waste paper, of which there is normally an ample supply 
available at delivered prices from $6.00 to $8.00 per ton. Adjacent to 
the board mills are three straw mills which have a combined output 
of 110 tons per 24 hours and here also the raw product is very inex- 
pensive and plentiful. The fact that the raw material is cheap has a 
most important bearing on the method of treatment. 

The manufacturing process briefly is as follows: Mixed paper stock 
is broken up in beaters to the form of pulp. It is then thinned to a 
consistency of about 0.5 to 1.0 per cent solids by the addition of water, 
and pumped into settling troughs. From here it passes over an Oliver 
filter covered with a 40 to 60 mesh wire sereen, on which the stock 
is dewatered. Two filters 8 ft. in diameter by 16 ft. long are used at 

* Presented at the Fourteenth Annual Conference of the Michigan Sewage Works Asso- 
ciation, East Lansing, March 30, 1939. 
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this plant and each has a capacity of 125 tons of stock per day. The 
effluent from the filters contains from 1 to 1.25 pounds of fibre per 
thousand gallons of water. 

Stock is then pumped to Jordans for further grinding, after which 
it is ready for formation in sheets. The machine used for producing 
the sheet consists of a series of six cylinders covered with screens, each 
revolving in a vat. The sheet is formed by picking thin layers of fibre 
off the sereens by means of a felt, which then passes continuously over 
a system of dryers. Four of the cylinders are used for filler stock and 
two for liner. Hach of the machines under discussion is equipped with 
five felt shower pipes, six cylinder showers, six foam showers and six 
screen showers. Each machine also has 96 dryers. Water for — 
ing and washing is used in the beaker beaters, the finish beaters, for 
dilution of the beater oo dilution at the he a box and in all of the 
shower pipes. 

For vears fresh — had been used on all of the shower pipes and 
also on the Oliver filter showers before mentioned. Dirty water or 
white water from the machine chests has been used for beater water 
and for dilution in the settling trough. 

All waste water flows to the rear of the mill, passes into a sewer 
and from there to an open ditch known as Mason Run. This ditch 
winds through a swampy area below the plant and eventually flows 
into River Raisin some two miles distant. Waste water from the 
straw mills and from the River Raisin Paper Company also flows into 
this channel. The combined daily total production of both plants is 
some 600 to 800 tons. 

There is, of course, nothing new or novel in attempts to recover 
waste products in industrial plants. When the raw material is ex- 
pensive or difficult to obtain the prevention of waste is naturally of 
importance, and considerable expense in recovery systems is justifiable. 
But when the raw material is plentiful and cheap, money spent in re- 
covery equipment may prove to be a rather poor investment. Board 
mills in general fall into the latter classification. In this plant studies 
made over a period of years showed rather conclusively that the value 
of the recovered fibre would not justify any large investment in recovery 
equipment. Perhaps it is more correct to state that an equal amount 
of money invested in equipment to increase production would likely 
show a greater return than any attempt to salvage waste. 

Appropriations made by the Federal Government a few years ago 
to dredge River Raisin and create a turning basin for commercial 
shipping made this river a government harbor subject to regulations. 
imposed by the United States War Department. This Department is 
interested only in the prevention or the removal of deposits in the 
river or turning basin that would interfere with shipping and if these 
deposits are the result of manufacturing processes rather than natural 
causes the cost of dredging after the initial work was completed must 
be borne by the manufacturing interests. River Raisin is also subject 
to any restrictions and limitations that may be imposed by the Michigan 
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Stream Control Commission. The investigations made during the past 
three years are the result of an effort on the part of the manager, Mr. 
H. L. Rauch, to learn what changes in plant operation might have to 
be made to meet the probable requirements of these two government 
agencies, and to determine what methods of treatment might be 
adopted. The changes made are the result of some of these investi. 
gations. 

In April, 1936, engineers from the Dorr Company were retained 
to make a plant survey and to recommend a method and the necessary 
equipment for separating the solids from the waste water. Working 
with the plant engineers, they submitted a rather complete report on 
the subject. Their final recommendation was to construct a large 
sedimentation tank in the swamp about a mile below the plant. Here 
the separated solids could easily be disposed of by being used for fill 
or by burning. The clear effluent would flow into the River Raisin. 
There is no doubt in the mind of the writer that this plan would produce 
rather effective results although some difficulty might be met in straw 
mill wastes. It would, however, involve an enormous investment and 
the separated solids, which are mostly prepared paper stock, would 
be thrown away. 

As previously mentioned, separation of paper stock from waste 
water can be accomplished to a certain degree by filtering or by me- 
chanical screening and the stock thus recovered may be returned 
directly to the system. At this stage of the process the stock fibre 
is considered to be worth $10 to $12 per ton. It was decided, therefore, 
to experiment with save-all equipment of the mechanical screen type. 
If later it became necessary to improve the clarification by sedimenta- 
tion, the investment in tanks and equipment would be much smaller 
than if the entire separation were made by sedimentation. In this type 
of save-all equipment a cylindrical drum about 10 ft. in length and 
42 in. in diameter, covered with screen cloth, revolves slowly in a vat. 
As white water flows into the vat and through the screen the paper fibre 
is collected on the outside of the screen covering. As the drum revolves 
this stock is couched off by contact with a rubber roll and returned to 
a stock chest while the water flows into a sump from which part of it 
can be recirculated in the process and the rest diverted to the sewer. 

Since the recovered fibre is usually more finely divided and shorter 
than the average fibre going into the board, there is a question of 
whether the return of this fibre to the stock chest will weaken the 
finished sheet. However, the percentage of recovered fibre is rela- 
tively small and no difficulty has been experienced. 

The effectiveness of mechanical screening depends upon the fineness 
of mesh in the cloth used and also upon the per cent of fibre in the waste 
water. If the mesh is too fine the flow is slow and large machines are 
required. In general, the heavier the fibre the more effective the 
separation. Therefore a reduction in quatity of water will immediately 
improve mechanical separation However, any attempt to reduce the 
quantity of water on a paper machine is likely to bring considerable 
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opposition from. the machine room superintendent. So far as the 
writer has observed, few machine operators are ever provided with a 
sufficient quantity of water at a high enough pressure and it is un- 
doubtedly true that an excess of water makes operation somewhat 
easier. 

It seemed apparent that the recirculation of water through at least 
a part of the showers would be a start in the right direction. For- 
tunately the superintendent was willing to cooperate but it was first 
necessary to prove conclusively whether or not the recirculated water 
would plug the shower pipes or cause other operating difficulties. So 
a small pump was installed to pump white water through two cylinder 
showers. No serious trouble was experienced. 

Two mechanical revolving screens or save-alls were first installed 
near one machine. All the water leaving the machine was passed 
through these save-alls, and the separated fibre was pumped back to 
the stock chest. The effluent flowed to a sump from which part of 
the water was recirculated through the screen, cylinder, and foam 
showers. The surplus water was discharged to the rear of the plant 
and used as previously indicated. Fresh water was used on the felt 
showers. Later, two additional save-alls were installed for the second 
machine and similar arrangements were made to recireulate water on 
this machine. 

In a further effort to reduce the total quantity of water entering 
the plant, quantity tests were made on individual shower pipes. 
Shower pipes have 50 to 60 orifice openings, each 3/16 in. in diameter. 
In some cases the openings had become so enlarged by wear that they 
were passing approximately double the original quantity of water. 
These pipes were replaced as rapidly as possible. An excessive quan- 
tity of water is, of course, no disadvantage in the manufacturing proc- 
ess unless it is accompanied by a drop in pressure. High jet pressure 
rather than large quantity appears to be most effective in keeping the 
felts clean. 

Recirculation of white water and reconditioning the shower pipes 
resulted in a reduction of about 40 per cent of fresh water entering the 
mill and no trouble has been experienced in production or in the quality 
of the board. This reduction in water consumption and the partial 
separation of solids reduced the solids in the effluent to about 1.25 
pounds per thousand gallons of water. Combining the reduction in 
quantity of water with the reduction in per cent of solids has resulted 
in a total reduction of nearly 60 per cent of settleable solids since the 
plant changes were made. The actual reduction in water amounts to 
about 2500 gallons per minute and the recovered paper fibre from 5 
to 7 tons per day. Results to date would seem to indicate that the 
value of the recovered stock would amount to $50 to $70 per day if 
we assign a cost of $10 to $12 per ton at this stage of the processing. 
The pumpage costs have also been materially reduced. To partially 
offset this gain, four save-alls have been installed at a total cost of 
about $20,000. Each save-all is equipped with a one horsepower motor. 
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A complete clean-up of each screen must be made once a week. Addi- 
tional chlorination is required because of the recirculated dirty water. 
The cost of maintenance is unknown to date but will not likely be high. 
It is quite probable that the installation will prove to be a fair in- 
vestment. 

An examination of the above figures would indicate that a greater 
percentage of reduction had been made but the waste water from the 
straw mill is also diverted into the same sewer with the water leaving 
the board machines and the straw mill waste carries a considerably 
higher solids content. 

As an additional experiment a save-all machine with a 70-mesh wire 
cloth was installed in the straw mill but the results were not satisfac 
tory. This result is supported by a statement contained in the report 
by the engineers of the Dorr Company, ‘‘There is no known method by 
which stock and waste water from straw mills can be recovered.”’ 

The experiment referred to in Mr. Kronbach’s paper q.v. was made 
in the Number 1 plant. This is a wet machine mill manufacturing a 
heavy board heavily impregnated with asphalt. Neither the manu- 
facturers of the save-all equipment nor the plant engineers had much 
confidence in this experiment as it was thought that the asphalt content 
of the waste water would rapidly fill the save-all screen, which would 
require constant cleaning. Much to everyone’s surprise no difficulty 
was experienced and while no accurate data are available on the amount 
and value of the recovered solids it is apparent to all that this has 
proved to be an excellent investment from the standpoint of the Con- 
solidated Paper Company. 

Experimental work has also been carried on in the South Side 
Plant but here the problem is complicated by the fact that a rather wide 
variety of board is produced, much of which contains coloring in some 
form. Separated paper stock cannot be stored in chests for any length 
of time but must be returned to the system as soon as possible. When 
an order is completed and the machine is being prepared for a change 
ot board, any stock on hand must be discharged to the sewer or formed 
into heavy sheets and dried. Attempts to recireulate water which 
contains coloring must, of course, be approached very cautiously. In 
pulp mills the use of save-alls is common and a wet machine may be 
used in conjunction with the save-all to convert the separated stock into 
kraft, which ean be stored and used at a future time or sold to other 
mills. 

It is probable that the most successful separation of stock from 
waste water in the South Side mill of the Consolidated Paper Company 
will be by the sedimentation process. Whether the separated stock 
‘an be economically returned to the system is still a question. It is 
proposed to continue this work during the present summer. 

We must not conclude, however, that plain sedimentation will pro- 
duce a 100 per cent clear effluent. Laboratory tests indicate that in 
this plant approximately 95 per cent of the settleable solids will preci- 
pitate in 2% hours, while less than half of the suspended solids will be 
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removed. Furthermore only 64 per cent of the suspended solids were 
removed in a 24 hour detention period. 

This would seem to prove rather conclusively that complete sep- 
aration can be accomplished only by the addition of some settling agent 
such as lime or alum. But the use of settling agents is likely to con- 
taminate both water and stock so as to render it unfit for further use 
in the plant. 

From the results of these experiments we can safely deduce the 
following: 


First, the conditions in each plant or mill must be carefully analyzed 
and the treatment method adopted that will best suit these conditions. 
No two plants are alike. 

Second, mechanical screening may prove to be profitable to the 
company up to a certain point of recovery. 

Third, the practical limit of mechanical recovery seems to be be- 
tween 1.00 and 1.25 pounds per thousand gallons of water. 

Fourth, separation of straw mill waste is extremely difficult, if not 
impossible by this method, unless the waste water is mixed with that 
of the board mill. 

Fifth, closer supervision and control of the plant equipment will 
result in an appreciable reduction in water pumpage without affecting 
the operation. 

In conclusion the author wishes to acknowledge his indebtedness to 
the Dorr Company, to Mr. J. C. Ainslie, Engineer, and Mr. Oliver 
Roverts, Chemist of the Consolidated Paper Company, and to the en- 
eineers of the Michigan Stream Control Commission, all of whom have 
played an important part in this co-operative effort to secure informa- 
tion which may assist not only the paper industries of the State but 
also lead to the clearing up of our Michigan streams. 








HANDLING PAPERMILL WASTE IN THE MONROE 
SEWAGE TREATMENT PLANT * 


By ALLEN J. KronBAacH 


Superintendent, Monroe Sewage Treatment Plant 


The general plan for collecting sewage from the City of Monroe is 
with large interceptors on each side of the river, using the south in- 
terceptor as the main sewer and connecting the north side sections with 
it through river crossings in the river dams. The sewer system of 
Monroe is not altogether a separate system as there are several com 
bined drains connected into it but these are being taken out as soon as 
possible. 

The sewage of the City of Monroe, composed of domestic and in- 
dustrial wastes, flows by gravity to the sewage treatment plant. The 
largest industrial wastes are papermill wastes of the Consolidated No. 
1 Plant and the Monroe Paper Products Co., which together contribute 
about two-thirds of the sewage treated. 

The Monroe Plant is .a primary treatment plant with separate 
sludge digestion. When the sewage reaches the plant it passes through 
a comminutor or, in ease of high flows, through a bar screen to the 
pump well. Raw sewage pumps lift the sewage 15 feet. It then flows 
through the detritor or grit removal machinery, raw sewage meter and 
clarifiers. The settled sewage flows back into the building where in 
warm weather it is chlorinated and passes through a contact chamber 
before it reaches the river. The sludge is digested in a Dorr Multi- 
digestion system, which has floating covers for gas collection and 
storage. The gas formed is used for heating the digestor and building 
and for operating a gas-engine driven sewage pump. The digested 
sludge is dried on open drying beds and has been used mostly for fill 
as its fertilizer value is very doubtful because of the amount of paper 
pulp in it. 

There are two types of paper machines in the papermills discharg- 
ing into our plant, each of which make paper from wood, rags and waste 
paper. They are the wet machines and multi-cylinder machines. The 
waste from these machines, called the white water, is quite large in 
volume and contains considerable amounts of fiber, filler, alum and dirt. 
Fiber is the most important of these constituents. 

The white water greatly assists sedimentation because it acts as a 
coagulant. The floc formed settles quickly and brings a major portion 
of the suspended matter down with it. 

The color of the final effluent is affected by the type of paper that 
is being manufactured. One of the plants makes a black panel board 
for automobiles and although the effluent may be very low in suspended 
solids it colors almost half of the river black. 

* Presented at the Fourteenth Annual Conference of the Michigan Sewage Works Asso 
ciation, East Lansing, March 30, 1939. 
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The sludge formed from this mill waste concentrates very quickly 
and when its concentration gets above 5 per cent solids it is almost im- 
possible to remove it from the clarifiers without dilution. The appear- 
ance of the sludge is very deceiving. It may appear to contain 7 or 
8 per cent solids when it is actually only 4 per cent. It was found that 
the best way to handle this sludge is to pump it almost continuously and 
not let a sludge blanket form in the clarifiers. It is removed at a solid 
content of between 3 and 4 per cent solids. 

Frequently the mills will dump an experimental beater of paper 
pulp which causes our clarifiers to plug and then it is a slow process to 
remove the sludge because the scrapers can only be moved a little at 
a time in order that too much sludge may not get into the sludge hopper 
at one time. 

One of the Monroe mills whose waste is treated at the plant has a 
large breaker beater into which whole unsorted bales of paper are 
dumped. This beater is cleaned once a week and all sorts of material 
such as blocks of wood, sticks, electric light bulbs and old bags flow into 
the treatment plant. The sticks and blocks of wood cause the most 
trouble because they break the cutters of the comminutor and go 
through the sereen, beeome water soaked and settle in the clarifiers. 
When the blocks are pumped with the sludge they cause the ball checks 
of the sludge pumps to be held open, necessitating frequent cleaning of 
the pumps. As much of the wood as possible is skimmed from the raw 
sewage at the comminutor and a screen has been installed at the paper 
mill but still the blocks get through. 

In the manufacture of asbestos paper there is quite a bit of foaming 
which causes additional loss of fiber. This condition is easily notice- 
able in the plant influent because it turns gray and looks like a thick 
soup. Asbestos fiber settles quickly and this means that sludge must 
be pumped continually. 

Papermill waste sludge forms scales of paper wherever it dries. It 
is easily removable, however, as it can be peeled off with a knife. Ifa 
thin layer of sludge is placed on the drying beds it can be taken off in 
large sheets. With the sand of the bed sticking to it, it has the appear- 
ance of tar roofing paper. On thick applications the fibers seem to 
flatten out and form into layers. 

Since the treatment plant was started, an average of 57,000 gallons 
of sludge has been pumped from the clarifiers daily. The two digestors 
have a capacity of about 1,000,000 gallons so that there is a complete 
turnover of sludge in about twenty days. In the spring as soon as 
weather permits digested sludge is placed on the drying beds. It is re- 
moved as soon as it is dry enough to handle and the beds are constantly 
in use until late in the fall. 

The large amount of sludge, due to the amount of solids in the 
sewage and the inability to remove a concentrated sludge from the 
clarifiers, affects gas production in cold weather. So much sludge is 
pumped that the digestors cannot be heated properly, which results in 
lower gas production. The gas production fell from an average of 
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20,098 cu. ft. in August to 2,095 eu. ft. in February. This winter, pump- 
ing part of the raw sludge directly to a lagoon was tried, but this did 
not help, probably because there wasn’t much digestible material 
getting into the digestors. 

In the digestor the sludge forms into three layers, heavy fibrous- 
like material at the top, a thinner supernatant liquor in the center, and 
a heavy sludge at the bottom. It is doubtful if the turbo-mixer in the 
primary tank does very much good because it doesn’t seem to disturb 
the sludge a foot from the end of the paddles. This is especially true 
of the top layer. 

When the plant had been in operation for about six months it was 
noticed that heating water was being lost in the system that heated the 
digestor, and rubber bands along with paper fiber were found in the 
circulating pump of the system. This led to the conclusion that there 
must be a leak somewhere in the digestor heating coils. After the 
digestor was emptied of sludge the coils were found to be broken in 
several places and lay in a twisted mess on the bottom. The coils were 
repaired and fastened with U-bolts to the pegs on which they had for- 
merly just been supported and four joints were welded. It is hard to 
explain this break but the raising and lowering of the sludge level may 
have lifted the coils from the supporting pegs and broken some of the 
connecting fittings. This seems quite plausible because a man could 
have walked all over the top of the sludge in the digestor with the help 
of a plank. 

In the secondary digestor the supernatant line was set two feet from 
the top surface of the sludge. This line never could be kept open. For 
a time the emergency overflow line was used as a supernatant line but 
this was unsatisfactory. <A line that could have been used as a dis- 
charge line into the secondary digestor was used to take off a super- 
natant. This line gave a good supernatant liquor but it could only be 
used between raw sludge pumping periods. By sampling the digestor 
it was found that a supernatant existed about six feet below the surface 
of the sludge. Five feet was cut from the top of the supernatant pipe 
and three one-inch bars were welded to it as guides so that, if conditions 
change and the pipe would need to be raised, it could be done by opening 
the manhole directly over it and slipping short pieces of pipe over the 
bars. The supernatant line works very satisfactorily now. 

The digested sludge meter, used to measure sludge discharged to 
the drying beds, had only a 1% in. throat and was always plugged with 
rags or sticks. This meter was removed and replaced with a piece of 
6-in. pipe. The digested sludge is now measured by the depth placed 
on the beds. 

In the very near future a large share of the paper waste is to be 
removed, as the Monroe Paper Products Company have now under 
construction two clarifiers and floculators for the treatment of their 
waste. Another plant has also placed one save-all in operation and 
are planning to clean up their waste even more. 

There are several advantages that the Monroe Paper Products 
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Company hope to gain from the installation of their own plant: (1) 
they will recover about four tons of paper stock daily that has already 
been processed; (2) they will be able to reuse the water at a great 
saving in heating; (3) they will save in chemicals; and (4) they will 
eliminate the payment of a city sewage charge. 

If these mills had not started to clean up their own waste it would 
be necessary for the Monroe Sewage Treatment Plant to find some 
means of disposing of sludge such as vacuum filters or ponds but this 
does not seem likely at the present time. 

The following results are plant averages since the plant has been in 
operation. 


lai ie rserr te iiait sistaya rerishecieeatonyaaie 5.6 M.G.D. 

GMa EMO INO MON cesresereysf sion ertay vstieyeiers eteaoeecilere 12.4 cu. ft. per day 

beakers | 71 270) Ee a er eee ree 124 p.p.m. 

LET TO RD gh! 2013 0 5 Fg ea aS a 72 p.p.m. 

|B.0.D. PUG ULO MR coo mursses acese ade anel etre eines 41.9 per cent 

Seema MOUS, MiNmeNt . 6.6. kee kus 19.2 ml. 

4 Settleable Solids, Effluent .............. 0.8 ml. 

| Settleable SONGS: HRCMOVAL 6) 2h c.s5ier5,areets 95.8 per cent 

Smee SSO atiry WECM 9 5255575405, 0 ode Ss Wisace 928 p.p.m. 

SEOUL MOMGS PIMIUONG, tices 55 5 seve cteS-ells 694 p.p.m. 

| Total ROTH) FROINOVEL, “is ie0.<5 6 stars eae sete 25.3 per cent 

Pandan Nolids, Intiuent 5.2..ssie00 425% 327 p.p.m. 

4Suspended Solids, Effluent ............. 84 p.p.m. 

| suspended MONGE. CUOMIOVAL esis ses eisiaie’s 74.3 per cent 

(pH, Influent .......-..-.--.- sees eee 7.2 

)pH, Effluent ............. eee seen 7.2 

or REO ROI OVA e.n5/ 5515.5 eile. gros scarene tl 57,042 gallons per day 
Mowture VCOntent 4 ...60 6 cio ese een 96.6 per cent 
Volatile Content, Dry Basis ....... 72.6 per cent 
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Operators’ Reports and Suggestions 
W. D. Hatrietp 
249 Linden Place, Decatur, III. 


THREE YEARS EXPERIENCE WITH RATING SEWAGE 
TREATMENT WORKS OPERATORS’ AN- 
NUAL REPORTS 


By Stantey T. BarKER 


Chairman, Rating Committee, New York State Sewage Works Association 


In 1936 the Rating Committee of the New York State Sewage Works 
Association rated the first set of annual reports from sewage treatment 
works operators in New York State who had prepared their reports 
to cover all the items called for in the Rating Schedule of the Asso- 
ciation which was published in the March, 1935, issue of Tuts JouRNAL. 
These reports were submitted in the competition for the Association’s 
award for the report which most nearly furnished all the operating and 
control data required by the Rating Schedule for the treatment units 
contained in their respective plants; and in 1937 and 1938 similar 
competitions were held and awards made. 

During these three competitions the Rating Committee, whose 
membership during this period has included A. F. Dappert, Wellington 
Donaldson, John R. Downes and Stanley T. Barker, has reviewed the 
various reports with great interest, and it has been a matter for 
congratulation that the Committee has never had any difficulty in 
agreeing on the report to be given the award for that year. In each 
competition there has been one report which had a rating several per 
cent higher than any of the others, but if there had been awards for 
second and third choice it might have been quite difficult to reconcile 
the individual ratings by the three members of the Committee so as to 
determine who would have been entitled to second and third places in 
the competition. 

In each of the three competitions there have been about eight con- 
testants, but to those who know the desirability of the award it seems 
very surprising that there have not been more. Also, as has been 
pointed out a number of times, there is a real advantage to an operator 
who enters the competition even if he does not win the award since he 
obtains, through the compilation of his report, a better understanding 
of the operation of his plant and his superiors are notified of, and 
congratulated on, the enterprise and interest shown by their plant 
operator. 

The winning percentages in these competitions has been as high as 
95 per cent, while reports have been received which rated as low as 
46 per cent. These low ratings were in most part caused by the failure 
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of the operator to furnish all the information required by the schedule, 
so the Committee wishes to urge that all contestants in such a com- 
petition make very certain that they give an appropriate answer for 
every item in the schedule which applies to their plant. 

In fairness to the other contestants the Committee must mark the 
reports in strict accordance with the schedule, so any omitted item 
means a definite loss of possible credits. 

The winner in 1936 was C. George Andersen of Rockville Center, 
and it is felt that readers of Tuts Journat will remember seeing Mr. 
Andersen’s name mentioned many times since he received the first 
award. In 1938, he was elected to the Executive Committee of the 
New York State Sewage Works Association and at the January meeting 
in 1939 he was elected Vice-President of the Association. 

H. O. Johnson of the Belgrave Sewer District was the winner of 
the second award and Elvey A. Marshall of Geneva won the award in 
1939, and all three of these former winners continue to send in copies 
of their annual reports to the Rating Committee, even though they are 
no longer eligible to compete for the award. 

The three winning operators are from plants having nominal rated 
capacities of 1.0, 2.0 and 3.4 m.g.d. respectively, so any operator from 
any size of plant should feel himself competent to turn in a winning 
report, if he has the equipment necessary to permit him to make the 
simple control tests that are required by the schedule. 

It should be pointed out that the Rating Schedule was set up and 
approved by men who are thoroughly conversant with plant operation, 
so no test results are called for by the schedule unless these tests are 
needed for the proper control of and the proper operation of the plant. 
Under such circumstances, any operator who lacks equipment to make 
the tests which are called for by the Rating Schedule, should feel justi- 
fied in asking that he be supplied with the necessary equipment, not 
only so that he may make a complete report, but, more especially, so 
that he can operate his plant properly. 

The following article discusses the revisions in the original Rating 
Schedule which have been found desirable, and the Rating Committee 
feel that this revised schedule will be more workable than the one used 
thus far. From the experience obtained in three competitions, it is 
felt that these competitions are well worth while and that other member 
eroups ot the Federation would do well to sponsor similar competitions. 

The operators who have taken part in these competitions have all 
expressed themselves as feeling repaid for the time and work they 
have spent and many of them have obtained a recognition of their 
efforts that would never have been realized if they had not entered 
reports in these competitions. 
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REVISION OF RATING SCHEDULE FOR RATING 
ANNUAL REPORTS BY OPERATORS OF THE 
NEW YORK STATE SEWAGE WORKS 
ASSOCIATION 


By Weturnetron Donaupson, A. F. Daprpert, ann Stanuey T. Barker, 
Chairman, Rating Committee 


After an experience of four vears with the Rating Schedule adopted 
by the New York State Sewage Works Association in 1935, certain 
minor deficiencies in the schedule have been recognized by the Rating 
Committee. Therefore, after considerable discussion by the present 
members of the Committee, and with the approval of the Executive 
Board of the Association in October 1938, the following schedule was 
drawn up and will go into effect when the reports covering the vear 
1939 are being written and rated. Because of the fact that this re- 
vised schedule is being printed in the May, 1939, Sewage Works Journal 
and may require additional records beyond those kept by the operators 
during the early portion of 1939, allowance will be made for this in 
rating the reports for 1939; and New York State operators will be re- 
quired to report on the basis of the new schedule only for that portion 
of the year subsequent to May, 1989. Reports will be required cover- 
ing the whole year, but those for the early months may be made on the 
basis of the old schedule and need not be as complete as those for the 
months beginning June, 1939. 

At this time it seems proper to reprint at least a portion of the re- 
port of the original Rating Committee which sets forth the objects of 
the Association, but the wording of certain paragraphs will be changed 
to express the present spirit of the plan. 

Pians For Rating oF SewaGk TreaAtTMeNtT Works Operators Reports 

AccoRDING TO THE ADEQUACY OF OpEeRATING Data anp ReEcorps 


General 


1. A standing committee to be known as the Rating Committee 
shall be appointed by the New York State Sewage Works Association 
to act as the reviewing authority on reports submitted to it. 

2. The Rating Committee shall endeavor to enlist the cooperation of 
operators and to secure the submission of reports conforming in general 
to the outline contained in the schedule attached hereto. 

3. The general basis for the award by the Rating Committee to 
plant operators shall be an annual report furnishing pertinent infor- 
mation concerning the plant and summary data for each month of plant 
operation. 

4. As a stimulus for the submission of such reports, the N. Y. S. 
S. W. A. shall make available to the operator whose report receives 
the highest rating, a N. Y.S. S. W. A. award known familiarly as ‘‘ The 
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Rating Award,’’ provided, however, that no operator who has previ- 
ously received this honor shall be eligible to receive a second award. 
As a further stimulus for the submission of such reports, the Rating 
Committee shall write a special complimentary letter to the municipal 
officials commending each operator who submits a report for his par- 
ticipation in this enterprise. 

It is greatly desired that previous winners shall continue to submit 
their annual reports to the Committee even though they may not be 
eligible to receive the award, so similar complimentary letters shall 
be written to the appropriate municipal officials to acknowledge the 
co-operation of these previous winners in the work of the Association. 

5. In the interest of disseminating information the Rating Com- 
mittee should arrange for publication of the reports submitted, if 
feasible. If many reports are submitted the Committee should prepare 
a summary and have this published. Publication of reports or data 
submitted to the Rating Committee will be conditioned on consent of 
local authorities. 

6. Ratings of the reports submitted shall be in accordance with the 
schedule of credits assigned in the attached outline which is based upon 
the recommendations made by the Committee on Sewage Works Op- 
erating and Cost Records of the Federation of Sewage Works Associa- 
tions as published in the January, 1932, issue of THis Journat. 

7. In determining the final rating for each report the ratings for 
Schedules I, I], ITT, and IV shall be caleulated separately, these ratings 
to comprise the ratio of the total credits assigned by the committee to 
the total possible credits that would be assigned for a perfect score 
for whatever treatment processes are employed at the particular plant, 
thus resolving the separate ratings for each schedule to a percentage 
basis. The final rating shall be caleulated as follows: 


To the rating for Schedule I, add six times the rating for schedule 
IT, one times the rating for schedule III, and two times the rating for 
schedule IV, and divide by 10. 

8. The Committee is aware that in attempting to devise a rating 
system applicable to all types of sewage treatment, deficiences of the 
proposed system will develop which call for modification from time 
to time. No change in the numerical rating, however, shall be made 
without the approval of the Executive Committee of the N. Y. S. 
S. W. A, 

It is the intent of this plan that these annual reports shall be rated 
in such a manner that a complete report from a small simple plant 
which gives the required data on the items appropriate to that plant 
shall receive as high a mark as a complete report from a large com- 
plicated plant. In other words, the operator of a small plant has an 
equal opportunity with the operator of a large plant, and each need 
only follow implicitly the schedules applying to his plant in order to 
obtain a perfect mark. 








526 SEWAGE WORKS JOURNAL May, 1939 


Explanatory 


The following condensed summary of the items and credits given 
in Schedules I, II, III, and IV of the Rating Schedule and the ex- 
planatory remarks which follow will facilitate an understanding of 
the general principles of the proposed rating system without detailed 
study of the schedules themselves. 


CONDENSED SUMMARY OF RATING SCHEDULES 


No. 
Items Credits 
Schedule I. Descriptive and General Information . ee 100 
Schedule II. Operating Data and Practical Control Tests 

A. Grit Chambers. 2 Se 5 50 
B. Grease Removal (Separate Process) 5 a leskctespe ee 5 50 
C. Coarse Screens : ; Se ores eee a. GS 50 
D. Screenings Grinders { 50 
E. Fine Screens. . . se ee Tene eee . 100 
F. Septic Tanks... Swain: 1S 100 
G,. Primary Sedimentation, Plain Tanks : Jehan ete. Sie 100 
G2. Primary Sedimentation, Mechanical Tanks a eevee |e 100 
G;. Imhoff Tanks. ee | 100 
H. Chemical Precipitation Pas o> S 100 
I. Dosing Devices _ Pease ae 50 
J,. Trickling Filters eee: 100 
Jz. Contact Beds ee: 100 
K,. Secondary Sedimentation, Plain Tanks. 7 100 
Ks. Secondary Sedimentation, Mechanical Tanks. . . : ee 100 
K;. Secondary Clarifiers (Act. Sludge Plants) = 8 100 
L. Intermittent Sand Filters ; 10 100 
M. Chiorination... . ‘ 100 
N. Aeration Tanks (Activated Sludge) 13 100 
O. Sludge Concentration Devices 3 50 
P. Sludge Digestion Tanks 13 100 
Q. Sludge Drying Beds : 9 100 
R. Sludge Analyses (unless included in ITI-G)... 8 100 
S. Vacuum Filters for Sludge Dewatering (Centrifuge) 15 100 
T. Vacuum Filters Treating Sewage or Effluent 12 100 
U. Other Filtration Devices 5 100 
V. Incineration (or Drying by Heat) 12 100 
W. Gas Collection { 50 
X. Gas Utilization { 50 


Schedule III. Analyses 
A. Raw or Bar-Screened Sewage 3 50 
B. Fine Screen Effluent : ite 100 
C. Settled Effluent 3 100 
) 


D. Filtered Fffluent ae f 100 

KE. Final Effluent . oe 6 100 

I. Stream Above and Below Plant : NE ee 100 

G. Sludge Analyses : ane Rees Ayes: GM 100 
Schedule IV. Cost Data 

A. Original Plant and Additions : ; alan tee: 3 50 

B. Maintenance and Operation. . . en Se ee ie: 100 


Since the items applicable to each plant are scored on a percentage 
basis, the perfect score would be: 
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COLL RIS GI ka PE Er ges oad LOO = 3168 
SIRE RR SO er ke ee ee iis hari en ok Le dt pute ee 100 x 6 = 600 
RULER RNIN. he 5 foie hin, coyotes ale 0. oy bl ns hbsials Socliaual leva: dcalage sida Moe wagie a evcisicre fe, PLO en een ON 
Se EEL BLAU IE ea yO eh 08, sche oho Dian arin eocec thiol: och, axe ee MORES 100 X 2= 200 
RNR eee ete Ste A te cea n eg Ane Nala a Wh scutara are aut eeshemoleetecst tee 1000 

= 100 


Hating IO! A0tAl . 0 6c eeccee aes So Obes ne Mes Pr eee. es kee 


The following example will indicate how the rating system would 
be applied to a report covering operation of a plant consisting of a 
bar screen, primary sedimentation tanks with mechanical sludge re- 
moval, sludge digestion tank, gas collection, chlorination, and glass- 
covered sludge drying beds. The report would in general be expected 
to follow the outline as given in the Rating Schedule, the data and 
information being supplied under appropriate headings to enable rapid 
checking against the items for which credits are given. Where all of 
the information asked for under each item is given, full credit would 
be allowed. In case of incomplete or partial answers, credits would 
be allowed in proportion to the completeness of the data furnished. 

However, at the meeting of the executive board in October 1938, 
the Rating Committee was authorized to use their judgment in assign- 
ing credits in cases where a report may give complete answers to the 
item in the schedule but where the number of tests made are insufficient 
for proper control of the portion of the process being reported on. 
That is, if one operator reports making daily tests while another has 
made only two or three tests a month, and the committee feels that 
daily tests are really necessary for proper control of the process, the 
committee may assign a higher credit for this item to the man making 
the more complete tests. If, however, infrequent tests are thought to 
he sufficient, the report with the more frequent tests would receive 
no higher eredit than the other. 

Assume that in Schedule I complete data are furnished for all items 
except items 15, 16.and 17 (which relate to average, maximum, and 
minimum estimated or measured daily sewage flows). The total al- 
lowable credits for these three items are 14 out of a possible 100, so 
under this assumption, the rating for Schedule I would be 86 per cent. 

Items 1 and 2 of Schedule I will indicate the sections of Schedule 
[I which are to be used. In this example the report would be expected 
to inelude data and information for the following: 


II-C. Coarse Sereens (5 items with possible credits totaling 50) 
G:. Primary Sedimentation (Tanks with Mechanical Equipment) (10 items with pos- 
sible credits totaling 100) 
M. Chlorination (7 items with possible credits totaling 100) 
P. Sludge Digestion Tanks (13 items with possible credits totaling 100) 
Q. Sludge Drying Beds (9 items with possible credits totaling 100) 
R. Sludge Analyses (8 items with possible credits totaling 100) 
W. Gas Collection (4 items with possible credits totaling 50) 
X. Gas Utilization (4 items with possible credits totaling 50) 
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Assume that for Schedule II the report supplies full information 
and data except for Section R and item 3 of Section W (Average CO. 
content of gas each month). The total possible credits for Sections 
II-C, G., M, P, Q, R, W, and X above are 650. Under the foregoing 
assumption the total credits that would be allowed are 540. The rating 
for Schedule II would, therefore, be caleulated as 540/650 or 83.1 
per cent. 

Assume now that the plant serves a population of 5,000 and has 
laboratory equipment for determination of B.O.D. but no equipment 
for suspended solids tests. For Schedule III data would then be 
expected to be submitted on the following sections: 


III-A. Raw or Bar Screened Sewage Analyses 
Item 1. General method sampling, ete. (total possible credits = 10) 
Item 2. B.O.D. data (total possible credits = 20) 
Item 3. Suspended solids (no data would be expected) 

C. Primary Tank Effluent Analyses 

Item 1. General method of sampling (total possible credits = 16) 

Item 2. B.O.D. data (total possible credits = 42) 

Item 3. Suspended solids (no data would be expected) 

F. Analyses—Stream above and below plant outlet 


Item 1. General method of sampling (total possible credits = 20) 
Item 2. Estimate of stream flow (total possible credits = 20) 
Item 3. B.O.D. data (total possible credits = 20) 

Item 4. D.O. data (total possible credits = 20) 

Item 5. Relative stability data (total possible credits = 20) 


Assume that complete data are furnished for all sections in Schedule 
III except items 4 and 5 of Section F. The total possible credits for 
Schedule III would be 188 and the credits that would be allowed under 
the above assumptions would be 148. The rating for Schedule IT] 
would, therefore, be calculated as 148/188 or 78.5 per cent. 

Assume that for Schedule IV on Cost Data, complete data are fur- 
nished on all items in Sections A and B. The rating for Schedule IV 
would, therefore, be 150/150—100 per cent. 

Recapitulating, the ratings for each schedule and the final rating 
would be as follows: 

Rating Weight Total 


Schedule I. . . CO KX Ff = 86.0 
Schedule II... . 881K 6 = 4986 
Schedule III... hea 3 = 78:5 
Schedule IV ee 100 xX 2 =200 
863.1 


" 863. 
Final Rating = ~ i 86.31 per cent. 
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RATING SCHEDULE 
OUTLINE FORM OF REPORTS TO BE SUBMITTED TO RATING 


COMMITTEE AND CREDITS TO BE ASSIGNED IN THE 
CALCULATION OF FINAL RATINGS 


SCHEDULE I 
Descriptive and General Information 
(Required in all reports regardless of type or size of plant) 


Item Reported Upon Credits 


1. List of all treatment processes in sequence of sewage flow, such as bar screens, screen- 
ings, grinders, grit chambers, sedimentation tanks, trickling filters, final settling 


tanks and chlorination, ete. eT ay 10 
2. List of all sludge treatment and accessory processes, wail as » delee dante “tetihe, 
sludge drying beds, incinerators, vacuum filters, ete. 10 
3. Is flow entirely by gravity through plant to stream or is sewage or voles nt sannpeat 
Explain. 4 
1. Date pls vat 9 was pl: oar in ope rey : 4 
5. Design basis of original portion of present sewage ilite as 40 wales ‘oft sewage - = 
treated and population to be served. . 8 
6. Date and nature of subsequent additions. 4 
7. Present population served by sewage wreiles and — obits uine i. 8 
8. Separate or combined sewers and percentage of each.. 5 
9. Give number of storm water diversion outlets or bypasses and ae waned “a ‘ui oul 
month such devices are in operation. . nei Bee 4 
10. State nature and importance of industrial ws ethics sdeebany to sewage » weak give 
strength and quantity, if possible. . eas! 5 
11. Method of measuring or estimating sewage flow.. « 4d 
12. General purpose of sewage treatment such as etuetits ie dei n- are am Ww: ates supply, 
prevent nuisance conditions in stream, ete. ater Sear 4 
13. Are separate meters available at plant for erties power nclinaaie hee various 
processes?.... 5 
14. Give total revere power use wi sacle weld’ in K. W. i. a power eer seneanity ‘hy 
each unit in treatment process for which a separate meter is available............. 6 
15. Average daily sewage flow entering plant for each month \ Present 15, 16 | oe etaeatetats 6 
16. Maximum daily sewage flow entering plant in each month ;and 17 in Sere iiartie ee 
17. Minimum daily sewage flow entering plant in each month } tabular form [ Dehra ae 
18. List of employees at plant and approximate time spent by each in operating or main- 
EEE CTEO S/o) ge Oe RA Lar rics oye a ee rae Ben Cre neat Rarer acai oe remrate ari 0 
Total credits in: Schedule for periect SCOre®. . 4. oo. sical aae eee ad tess ws oo sa a0 0s EOO 


SCHEDULE II 
Operating Data and Practical Control Tests 


(Rating shall be applied to all of those sections indicated in items 1 
and 2 in Schedule I plus any others that should be included. Omit 
rating on the sections below which do not apply.) 


A. Grit CHAMBERS. 


Item Reported Upon Credits 
Type of grit chamber or detritor and number of units; give average velocity and de- 
tention period, based on present average flow.................. eee ee eeeeeeees 10 
8 


2. Frequency of grit removal or grit chamber cleaning... ............... 0. ce ee ee ceeee 
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Item Reported Upon Credits 
3. Cubic feet of grit removed each month and cu. ft. per m.g. 16 
4. Method of handling and disposing grit. 8 
5. Give h.p. of motors and average hours used each iin. 8 
50 


Total credits for perfect score.. .. .. 


GREASE Removat (if separate from and in addition to items F, G,, G, 
and G; of this schedule) 


B 


Item Reported Upon Credits 
1. Type of device. Describe essential features. . 8 
2. Give data on air and chemicals used per gallon or per an gi —— us sewage. 12 
3. Frequency of grease removal. ae 8 
4. Cubic feet of grease removed each month are CO ICT ON ho ie bcows bias ewusesan: WO 
5. Method of handling and disposal of grease 6 
Total credits for perfect score. 50 
C. CoARSE SCREENS (hand raked or mechanically cleaned). 
Item Reported Upon Credits 
1. Type of screen, number of units and clear openings between bars. 8 
2. Frequency of screenings removal. 8 
3. Cubic feet of screenings removed each month and c subbe feet per m.g. 16 
4. Method of handling and disposal of screenings. 8 
5. Give h.p. of motors and average hours in use each ds ay. 10 
Total credits for perfect score 50 
D. SCREENINGS GRINDERS. 
Item Reported Upon Credits 
1. Type, rated capacity and number of units. 12 
2. Average hours attendance required per day... 14 
3. Describe frequency and seriousness of repairs. 12 
4. H.p. of motors and average hours in use each day. 12 
Total credits for perfect score. 50 
E. FINE SCREENS. 
Item Reported Upon Credits 
1. Type of screen, rated capacity, number of units and clear openings. 20 
2. Filtering medium added in cu. ft. per m.g.—give for each month................... 20 
3. Cubic feet of screenings removed each month and cu. ft. per m.g. (where a filtering 
medium is added, give total quantity of material removed from screens). 25 
4. Method of handling and disposal of screenings. . 15 
5. Average dry solids content of screenings removed eac ch aoath:. 10 
6. Give h.p. of motors and average hours in use each day... ..............0.-20.e2-. 10 
Total credits for perfect score... ...... 100 
F, Septic Tanks. 
Item Reported Upon Credits 
1. Type of tanks, total capacity and number of units.....................c.e0e0e2-2. 10 
2. Detention period based on present average sewage flow... . 38 
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Item Reported Upen Credits 
3. Frequency of sludge removal........... ER sche het cee ee 
1. Cubic feet of sludge and scum removed ae year aud wubite: hake per m.g.. sei Se Se 
Hy Deu Oleae re TT PAC CAGMIINONGR vis .4g fois: dr6sis a Sieaansussien Sar shoaciod ae sGueeeee seen EO 
6. Depth of scum in tank each month........... SNe atid ehaelac antes eed taayare) Senay Sauer ann 


“I 


. Settleable solids in influent—ml. per liter (1 bina. 


(a) Number of tests made during each month. . 


(Eppa verano citing GAChimnON Ge. ¢..0.4.10 os Sas ao ete si 60a Pe Rea oneen GO 
Ce) seein CHU TA CAE NOMEN aio, 6. ers os a ser bb Ses. Bal eel od sure ee RARER meee Oe 
(ef) TEEN CLAN RCAC HTINONUN s . o.u.5 Sao elas suid oe Ge werwis v0 eB%ew daree enone He 
8. Settleable solids in effluent—ml. per liter (1 hour). 

(a) Number of tests made during each month... .. 1.2.2... 2... ce ce ce cece cece § 4 
(5) PAVerage GUPINe CAC UNONE HS cic. bees OG da aebi cs de adud seven ehba eesaseeene Ol 
Kc) Vix UN ING CACO MONON 2.415.205 ac0ls oe byw Sene a de he ame eeleeheeweemes Oo 
(2) Win TMU KGUEIND CACHMINONUNGS cys: as + wsiae ve ee 86 40 ee we ee bie os be wae Re eden OO 

MOtA GVEGIS LOL PENCCUSCOLE Ac oa. As bc as nas ae ae aie ss dw de eRe Sawd aerainn, MOG 


G,. PRIMARY SEDIMENTATION (plain tanks—separate digestion). 


Item Reported Upon Credits 
1. Type of tanks, capacity and number of units. Ee ET OO ie LL), 
2. Detention period based on present average sewage flow. ba Soins ee ee eislenae eeghareemebel ORO! 
3: Prequency of sludge withdrawal to digesters. sc. sessed oe selene wa Gelade auslesie 0 
1. Frequency of skimmings removal... . . rena 
5. Cubie feet of sludge removed during each wala oud wid feet POR Te aisle sk eet 1D 
6. Cubie feet of skimmings removed during each month and cubic feet per m.g......... 10 
7. Settleable solids in influent—ml. per liter (1 hour). 
(a) Number of tests made during each month. . 3 
UD) AWverame ate ORC OEIMOMUM <.le.iiect es oc. bys aca os ae. 3.420% wlandai saree socephoetaennntan ene! © NO 
(c) Maximum during each month.. 3 
(¢) Minimum during each month. . 3 
8. Settleable solids in effluent—ml. per liter (1 a 
(a) Number of tests made during each month... .........2.02 cc ce cece cecssecese 4 
(Db) PAverace Cubing CAC MONUN aie. cic)ss ce 660 sadn ewe Sa aa. $2 04 oe ae sea B ae SS Ree LO 
(ce) DEAN CnIN RCAC MONG: so sa \.cs5 oa an dea oe anleb va coah ae aveeaeseneeee, GS 
(2) ULI CRON MONG Niele a0 65 Sect ws aae we salad. ta ae sed new edea oe 1S 
Total GreGis TOL POllECE SCONES «= 4 acs a6! vie sste.'s's: we! 0:0. 43, Sean 0 SeNSGLE are atest OO 
(iy. PRIMARY SEDIMENTATION (tanks with mechanical equipment). 
(If used with Activated Sludge Plant, add appropriate information) 
Item Reported Upon Credits 
1. Type of tanks, mechanical equipment, capacity and number of units................ 10 
2. Detention period based on present average sewage flow... ...........0. 0. -.000008- 6 
3. Frequency and average daily time sludge mechanism operated..................... 8 
t. H.p. of scraper motor. es 4 
5. Frequency of sludge wide i to niin ster. ea ss 8 
6. Cubic feet of sludge removed during each month ial ren fee bet Per MMB nis Sic ce AO 
7. Frequency of skimmings removed. . jv Baieys Re) 
8. Cubie feet of skimmings removed chenieas ach peers al porn feet per MEPs... 25)55 8 
9. Settleable solids in influent—ml. per liter (1 hour). 
(a) Number of tests made duringeach month: ... . 0.0... :e0iee deeenele cee eee oe 3 
CD) WOTE GO Cr ATT CRO MORON UI hao oacc io: she 01 uss and rol'syeudcsieinie' Wieland are uslatote sis Sieusiecets a 
(ic) Pasetn rin CuI CHEN VINONUNS oc. 5.55 560054 pis aavaw ay b dev saree nice eehere aya boleh evi aiec 3 
(2) NERVE CHUTE CRC OMIONUN: «5. 5. s2e0e sa ss os eked 6b vee oe diae eve Were eae oe 3 
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Item Reported Upon 
10. Settleable solids in effluent—ml. per liter (1 hour). 
(a) Number of tests made during each month...... yar Lam Rae Paes Ce ROE 
(b) Average during each month........ PERCE ee eee he tates cera 
(c) Maximum during each month. oe ee en. ree 
(d) Minimum during each month... . TR ee eee Rr tere ee ene oF 


AAT EIS TOP MTIRCD BOOTE. 6. god oc is os Soba wes bos ab abaliGawsnsr 


G;. ImHorr TANKS. 
Item Reported Upon 
. Type of tanks, capacities of sedimentation compartments and number of units.. .... . 
. Detention period based on present average sewage flow. ear 
Total available sludge digestion capacity, 18’ below slot—cubie feet... ............. 
Frequency of sludge withdrawal.. 
. Cubic feet of sludge removed during each sion wad eilile feet per m.g. annu: willy. 
Average quantity of sludge stored in tanks during each month (cubie feet). 
. Depth of scum in gas vents each month. 
Average pH of sludge in tank during each month. 
. Frequency of squeegeeing, skimming, hosing, ete. ee 
. Cu. ft. of skimmings removed during each month and cu. ft. per m.g. 
. Method of disposal of skimmings and gas vent scum. 
. Kind and amounts of chemicals used to aid digestion each vainly. 
. Settleable solids in influent—ml. per liter (1 hour). 


ne WN 


a 
oO Oo 


NO ¢ 


_ 
oo 


a a 
wns 


(a) Number of tests made during each month. 
(b) Average during each month.. 

(c) Maximum during each month. 

(d) Minimum during each month. 

14. Settleable solids in effluent—ml. per liter (1 hour). 

(a) Number of tests made during each month. 
(b) Average during each month.. 

(c) Maximum during each month. 

(d) Minimum during each month. 


Total credits for perfect score. 


H. CHEMICAL PRECIPITATION. 
Item Reported Upon 


1. Total lb. and Ib. per m.g. of each chemical used during each month. 

2. Feeding equipment, mixing device, flocculation devices, ete... 

3. Points of application of chemicals. : 

4. Rapidity of mixing; Detention in mixing stage. reas Be Oe EC 
5. Detention period for average sewage flow in flocculation stage—velocity of floeculators. 
6. pH of influent before chemicals are added; max.—min.—average during each month. 


. pH of effluent—max.—min.—average during each month. 
8. General comments relative to coagulation. 


“I 


Total credits for perfect score. 


I. Dosine DEviIckE(s). 


Item Reported Upon 
1. Type (single or twin, ete.) capacity, number of units, ete., ete. 
2. Number of siphons in each unit, alternating arrangements, drawing de nth, oe. ee 
SB, Avenare time required for dosing tank to\fill, ........4.....65.0. 2. 6cccceccsscccccess 
4. Average time required for dosing tank to discharge... .. 


Credits 


Credits 


» 


—t 


WO bw &W & 


OC & CI 


10 
6 
6 


100 


Credits 


10 
12 
12 
12 
12 


100 


Credits 
10 





9 
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Item Reported Upon Credits 


PA VOL IIEC ATG POU W EOI CORD 5 i55i5.56)s (cir cioc'e =. widluepbseiia-s aie aus ovals, elas SKE SNS ail rele ee 
eM RTSTEG VOOR REET aos ro)Gfs oth cscs poi a oh wee) Ge Carding ayaa er ayes Wie) las ala laiewt ere eee ean een MRS 


DGte) Creaisor Perl eel ROOTEr 2. 6.56540 40/ ooles ek, da tae Oe ES EARS a hae wee ew ewe IO 


TRICKLING FILTERS. 


oe 


Item Reported Upon Credits 
He yeah AIR ati TO AE er faces a ois ed, dc aise ed Glerd kena Gai arenhete wae eeNe eareee ES 
DDG laren GNOrGC OUR ONL. os s.c0s 4 Ve 5000 44 wa ese oa.de aalebids de ede nee dea, 
Bi enBG HA TMICLECL OT CEERU ED GEMINI 2 4:)510 cosas ota dca! vistas cu eaves Qauewlaieloaea Se eee eee ES 
1. Type of distributor, nozzles, ete... ...... ede na tah ie Se ee 8 
5. Frequency and extent of nozzle wud distributor clonning.. 2% Pearse eck Lee 


6. Condition of bed with reference to pooling, growths, ice, ies, wenn: ete:, nel month. 10 
7. Settleable solids in effluent—ml. per liter (1 hour). 
(a) Number of tests made during cach month... 2... 0.60.06 k ees we ewestucs «= 4 
(i) Aven aite Cr MORG INO MDI Ie 82%, 57.10 oo se Se aw a dN ES Sade ds eo GR be OS 
(G) Mian Gurney -CAGN MONbN «|. 65.5652 ke Skids Aaa hosed wondiscoaeasdeccaesr 16 
(cd) ein ulin CAGh MONUN.; «05 235 sb ekess sed UA hace ante cols 66 


8. Relative stability of effluent. (This test not required if similar test is made of un- 
chlorinated secondary tank effluent.) 


(a) Number of tests made during each month.. eines. xan idve seh re ental aerate RR tae 4 
(DO) Average StADINbY, GUPINPANONUM: 5 esski este bade. ee oa ew enced neaecneeaeesion. US 
(c) MAXIMUM Sta DINGY GUPINE MONt....5 25 ao s.085 ss an Shes cel de Alaa ation ee eaewew 0 


(GQ) AGI StAMICY CUPID ANONUNy si6.0:5-060e cae 4b sd sa SN ge wo See R RADE IO 


WGOUANCTEGIES TOP PETICEE SCOPE sk 56. .siy: sinew aac wie eaide oa eeieia eer eaWe. ae eee we 


Jo. Contract BEDs. 


Item Reported Upon Credits 
I. Area; depin ana umber OL NOUS ses. acacia cease, oa ae ah Be oe Swae saad er a andiece OLA 
2. PHO AMO IMCCOl 1IGer MMCOTUID, 5 ois. 6S! dsc s scccsS 08 408s oe od ba ee ee tha as sone aeee eee BO 
See PIER EEEIIO WW OR cad oe ila Sin Wik SE Gs a: CBW dk Sores KR ES RO oa.4S. dO Re NERC 6 
PPC CE CR OTRO io SoS Aso! BB ale ie eyed asl) 4%. 1 Be ee & ona eee ws Bed Vale eee ao 
DTS ATDEEINGNOVEIAMO)y.. Wcleisiiccne etna as oo aed He esd ae Hee Sacw ae mhwiaandem AO 
Go PCC EareT ION GRRE otic aceite vega ans leetonbelatynas wer Bi! ae Cue e ted As: ead a ETS OSO ee aE 6 
7. Settleable solids in effuent—nml. per liter (1 hour). 

(a) Number of tests made during each month...... 0... 060... ce ce ce ce ce ce ee eee 5 

(OG) Verne WEI CACO INONUN. 6c iei eo oo Sa ea as oe Bas ho oe 2a 24 oe ad ae se wecridaieen HO 

(oc)! Biaximurnidurin@each MOntn.... ..5c6od se bd was. Veeco vs soled wodarveee wees 6 

(@) imum during CnenimMonen... 66.623. as. iss beads ae ese dene csieatiesiasae 6 


S. Relative stability of effluent. (This test not required if similar test is made of un- 
chlorinated secondary tank effluent.) 


(a) Number of tests made during each month.........0.:.6.6. 0. 66 o2 ca 8s Gh aa Adee eae 5 
(b) Averaire Stabiiiby GUrINnG CACM IMODDD: 2s. .i tisd ve Sew Soew vee de eae eeeeewr 10 
(c) Maximum) stability: durmmgeach month. .2....6.4.0.6060 seas cere eeterarieosr cecee 6 
(q) Wimninium stability CUPrINDCRCH MONG. 2s... 0 sa04 do ANS incase ane eee Reeser 1S 


MOURA CHOGIUS TOP DCIFECU BCON Caos: de: 5:0 65) 28/8 ands, Sta Saha at sie Sina AS Aalow ne OO 


K,. SECONDARY SEDIMENTATION (plain tanks). 
Item Reported Upon Credits 


‘ype of tanks, capacity and number Of UNWS:. . sc. 665s dod cea Get ketene cee © 
2. Detention period based on present average sewage flow,,.... 0.0.0.0... 00 ee cece eee = 6 
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3. 
4. 
5) 


ae 


© 


Out. ONO = 


LCE COLT a 
. Settleable solids in effluent 


. Relative stability of effluent. 


>}. Cu. ft. of sludge removed during each month and cu. 
. Disposal of sludge... 
. Settleable solids in effluent 


. Relative stability of effluent. 


SEWAGE WORKS JOURNAL 
Item Reported Upon 

Frequency of sludge withdrawal. a at ite Gio oe OS 

Cu. ft. of sludge removed each month and cu. ft. per m.g... 2... 6.0... ee ce ce ee eee 


ml. per liter (1 hour). 

(a) Number of tests made during each month. . 

(b) Average during each month.. 

(c) Maximum during each month. 

(d) Minimum during each month. 

(Test not made if effluent has been chlorinated.) 
(a) Number of tests made during each month. 

(b) Average stability during each month. 

(c) Maximum stability during each month. 

(d) Minimum stability during each month. 


Total credits for perfect score. 


SECONDARY SEDIMENTATION (mechanical equipment). 


Item Reported Upon 


Type of tanks, mechanical equipment, capacity and number of units. 


. Detention period based on present average sewage flow. 


Frequency and average daily time sludge mechanism is operate d. 


. H.p. of scraper motors 


Frequency of sludge itil aw: a): re 
ft. per m.g. 
1 hour). 


(a) Number of tests made during each month. 


ml. per lite: 


(b) Average during each month. 

(c) Maximum during each month. 

(d) Minimum during each month. 

(Test not made if effluent has been chlorinated.) 
(a) Number of tests made during each month. 

(b) Average during each month. 

(c) Maximum during each month. 

(d) Minimum during each month. 


Total credits for perfect score 


SECONDARY CLARIFIERS (Activated Sludge Plants) 


Item Reported Upon 


tanks, mechanical equipment, capacity and number ef units. 


Type of ue 
without return dude. 


Detention period based on present average sewage flow 
H.p. of scraper motors 
Is speed of scrapers vs aried and if so, on what les sis? 


To what point is excess activated sludge discharged? 


}. Suspended solids in effluent. 


(a) Number of tests made during each month. 
(b) Average during each month. 

(c) Maximum during each month. 

(d) Minimum during each month. 


. Turbidity in effluent. 


(a) Number of tests made during each month 
(b) Average during each month 


May, 


1939 


Ci edits 


8 
16 
10 


10 
6 


10 
6 
6 


10 
6 


100 


Credits 
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Item Reported Upon Credits 
(c) Maximum during each month.... . Tae Ser heen PE eS Mone 4 
(d) Minimum during each month.......... Be te ea I Re ere 4 
8. Relative stability of effluent. 
(a) Number of tests made during each month............... ste Bete wR I ee 4 
(5) Average Ur Mma CHGHINONUO 5.5.8 56 62 Gils te t wasedlecs nals bu ealelecees aie slevelbiers 12 
(co) DARREN CUTINDICAC RE INONON 664.2 5)¢:s-5 dhe ade codecs See nde sald aah a ele eons 6 
id) Var UTI ee OA CH IOHUING Sco 55 oiecstsse a/sierenle ue wells dw wie Gb tie ad a We Mararere 6 
RG tal CremiGS HOE METICCU RCOLE so) 5.5:bFie a csreieay shee S riba « arena mes eGlure salar 100 
L. INTERMITTENT SAND FILTERS. 
Item Reported Upon Credits 
Rigen aR TVA NUR EAN esT SCHL SMEAR Sree 08) 5 arg cid crowns is eo i's uaboraial ofa AER Algceges <ieilo, Argus vations 10 
: Total area and depth of filters; percentage of area in use at any time............... 5 
3. Kind and size of filter medium (effective size of uniformity coefficient of sand)....... 5 
t. Method and frequency of bed scraping, conditioning, cleaning, etc.................. 10 
Bi MOUsIO AeGl SHI TEMMOV CUT ANMUINY os) 5655-4 vias dpc: les area sielely Sis bs.b-o a ae wee bee nee 8 
6. Cubic feet sand replaced annually....................000- DEA castee irate eae tees 8 
7. Million gallons of sewage applied per acre between rest pe winds. SE rt ne eed 10 
8. Average period filter units are out of service for cleaning...................... 7 
9. Condition of bed with reference to clogging, pooling, ice, etc., each month 10 
10. Relative stability or B.O.D. of effluent. 
(a) Number of tests made during each month................ BUA ERE Sad ne eee eae 5 
(b) Average stability during each month or average B.O.D...................... 10 
(c) Maximum stability during each month or minimum B.O.D.............. 6 
(d) Minimum stability during each month or maximum B.O.D.................. 6 
POGACLEUTES TOR PETICCU SCOLE vce. ece t «pos entins 0 e08:4 08 os 0. 9: ie.'o Mipibuer wei Save nucle 100 
M. CuHiorinatTion (Data for item 7 must be supplied to receive full 
credit when in judgment of Committee B. coli tests are regarded 
as essential). 
Item Reported Upon Credits 
1. Type of equipment and number of units............. Ds Prtarca stone teks eens extern 10 
2. Points of application of chlorine............ ids i cays viens Sk tI 2 Rie 10 
3 WGeHErAal PULDOSe Ol CUIONINE UFCAUMENb > .-2% 6.480 /S cian wea ees Wik goer Ne Roe wa tae were 10 
t. Lb. chlorine used each month and lb. per m.g. at each seins a applic BOON os ae knt a ee 20 
DS “COntach pellod FOr CHIONINE TERCULONG 6.6.0. 3.c.006 4 een sail seas aids wislavenw disiesole adh onep e etesevers 5 
6. Residual chlorine (p.p.m.). 
(a) Frequency of residual chlorine tests................ postures ese Re RO CTR een: 5 
(b) Average during each month............... ily 2 tata onte e:teiie ANG aa RE Oe ae ete a 14 
Uc) Sie CUT REACH IMNONE Ni x. 2) o-o-sacsisee wane Sa ean g eecoeacond lS Rlweracd we ereterereys 8 
Ce) VL UNION ad CULT OA OP MOTION «oye 54-0) 5c 05 6S. 5 Saal ocaco Wile ved Wiel eleisvela auesitecnete wie 8 
7. Statement relative to method and frequency of making B. coli tests on final effuent.. 10 
MPGUAeOred US TOD IC TIOCUISCOLE s i5cica. che d-4cie.4 ots oes ov Wiss STE ol Alain Ie cre Ieee 100 
N. AERATION TANKs (activated sludge). 
Credits 


Item Reported Upon 
1. Type of tanks, and number of units; depth below flow line; width of channels and 
channels per tank: ty pe Ana GEpth Ol CUNUSENSs...)5.6: 2.55016 5 seas coeveee sia 6 ond Fa pay ees 
2. Aeration period based upon present average sewage flow plus average percentage of 
Paw aMORURNS es far soins a oto tre heer nt rtitcile cs ush i lee a eR Ny ctesteusue te 





returned sludge 


2 
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Item Reported Upon Credit: 

3. Air used per gallon of sewage flow for each month....................0 02.0 eee eee 4 
4. Power required for air compressors per m.g. of sewage—by months................. 4 
5. Power required for mechanical aerators per m.g. of sewage—by months............. 4 
6. Ratio of sludge returned to average sewage flow for each month................... 4 
7. Settleable solids in aeration tanks. Per cent by volume settling in 1/2 hour. 

(a) Frequency of tests.............. Peete eed CEL oe ee A be Rie aig hicbus aioe 2 

(6) Average Gurme each month. ...... 2.2 css. ce lees sees ens Pe Se 5 

(c) Maximum during each month 3 

(d) Minimum during each month. .. 3 
8. Suspended solids in aeration tanks—p.p.m. 

(a) Frequency of tests. . a 4 

(b) Average during each smouth . 10 

(c) Maximum during each month 5 

fir) Geen MOAI OREN WON 66.5. cus os ce es ce os cc as ee Ge se saceacdcss cosas 8 
9. Suspended solids in returned sludge—p.p.m. 

(a) Frequency of tests 4 

5 Average during each ath. 10 

(c) Maximum during each month 5 

(d) Minimum during each month... .............. 5 
10. Air pressure at compressor discharge or r.p.m. of mechanical aerators............... 3 


11. Excess sludge. 
(a) Total cu. ft. removed monthly, cu. ft. per m.g. annually and method of disposal 5 


12. Information of frequency and extent of sludge bulking........................... 4 





3. Sludge index (Mohlman’s—see THis JOURNAL, 6, 21 (1934). Average and range during 
each month. . Rea ee Ra Pa ee 5 
Total credits for perfect score. . 100 

O. SLUDGE CONCENTRATION DEVICES. 
Item Reported Upon Credits 

1. Type, number of units, capacity and detention period 20 

2. Chemicals used in lb. per m.g. each month.. 20 

3. H.p. of motors and average hours used each day for eac h nite. 10 
Total credits for perfect score........ 50 

P. StupGE Dicestion TANKs (list sludge storage tanks separately). 
Item Reported Upon Credits 

1. Type of digestion tanks, number of units, total capacity and appurtenances.. .. .. 10 

2. Digestion capacity actually used, based on average liquid level in tanks—for taal 
month. . ys 8 

3. Average Rigedtion temperature oh slude en eac +h ‘naith. 8 

4. Average pH of sludge each month 8 

5. Kind and amounts of chemicals used to aid “ae ieee ‘ene: 8 

6. Average volume of heating water circulated daily—for each month................. 4 

7. Average temperature of water in heating boiler—for each month................... 4 

8. Average temperature of heating water to digester—for each month. . 4 

9. Average temperature of heating water from digester—for each oth . 4 

10. Cubic feet of sludge removed from digesters each month and cubic feet per m.g. sissies 20 
11. Cubic feet of sludge in tanks each month. 8 
12. Sludge liquor (supernatant)—method disposal .. betas 4 
13. Comments with reference to operating difticulticn, 2 scum, soatiicl, ete. ON eee eee. | 

100 


Rs iean OE AEIES MUST BSTMMOL IONS 85555 050, 9's 3c) Sew da los Slaie bias a SUlsa Se bie BOLRS SHOR 
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Q. SuuDGE DryING BeEbs. 


Item Reported Upon Credits 
1. Type of beds, number of units, depth sand and total area...................22.--- 10 
2. Average dept of dose of wet sludge on bed. Nats Ses wicralst cre UE 
3. pH of sludge as applied to beds (give average » for ends sisointis separate ie)... bree ss | 
{. Maximum, minimum and average drying time for sludge.......... 10 
5. Amount and kind of chemicals used to condition sludge as applied ra beds (for enilh 
month).. seas S Rae 10 
6. Cu. ft. wet sludge anyhie ") ducing oak oni walk hae mained. tees Jian TAO 
7. Cu. ft. air dried sludge removed during each morth and cu. ft. per m.g. commlliy aoe. ooo 
8. Disposal of sludge bed drainage. 10 
9. Method of handling and disposal pr dtied ules. 10 
TGLRICOCUILE HOP EEICCU BCOLG sss or esst gine oes aisle se sade ieee asa) aS) Bs) eee es Oe 
R. StupGE ANALYSES—Onmit if covered in Section III, Item G. 
Credits 


Item Reported Upon 
1. State frequency of sampling and facilities for measurements and weighings. .. .. .. 10 
2. Dry solids per cent in primary sludge (except Imhoff, plain and septic onked—ton 


each month. : Drees 10 
3. Dry solids per cent in shadee — scivecebnntion ae vice tan eal sath. beac corel Ree 
1. Dry solids per cent in digested sludge to beds, lagoons or filters—for each month.... 15 
5. Dry solids per cent in dried sludge from beds or filters—for each month.......... 10 
6. Average pounds (dry basis) of raw sludge solids per m.g. sewage treated for the year. 15 
7. Average pounds — basis) of digested sludge solids per m.g. sewage treated for the 
year. 15 
&. Average dete: per ¢ suite 1 e ity oh raw nde recove mt as dele foe thes year : Cael 
OM FOOOUINUION UENO UUALY,) co ste ee ie yh noice wary a nisins sercice tre covet deus svesisaane etteke eee 
100 


MiGtalreredits TOLapeIteCl SCONE. i.e cit aso «tse Gdn hs A vcoswanhs Mead aever Se ain aie) Seiiedaie eat 


S. Vacuum FILTERS FOR SLUDGE DeEwarTerinG. (If centrifuge is used, 
report on appropriate items below.) 


Item Reported Upon Credits 
1. Type of filter, dimensidns, number of units and total filtering area. ................ 10 
2. Vacuum maintained on filter.............. Sicha Sok ansle Sropete Lm erzanoroth Stoner aha hor sinearon eee 4 
3. Number Gays alter operntod dM CACH MONEN. 2 6 oi.256. 62h ae ke eRe esas 4 
t. Number filter hours during each month (sum of all units)... .... act eeapaa rset 4 
RPO SOL SANUS COTE CO UE METEE oo onc, ce ova dice siececiey 2b: 0's y= hore hiny dhsheayine 928 Wiald-¥, bin 8 Shep er eeaterane 4 
“ifs be clara) garitoyveyystaslscu ure (hota) 2311 Ui 10001 eRe gare ere en Saray Ta + 
7. Chemicals used for conditioning in lb. per 100 lb. of dry sewage selie- max.—min.— 
Fem In LACS TE Ta TGhEs Ub tng ah wren ine ee Oe Pr eciate nt getnr sy meant aeR erate testator acne ome aera 10 
8. rrotineuslh and minimum and average pH of sludge before and after filtration for each 
Bae a ee Ee ees RU ores oN sg 1s ot EHE 8: Oyo a hrs) ol ets and Tapa oka hats Ge wrexeaee tien 8 
QO; Average thickness ol Miter Cake, ANCNES. « <6..kc idee ce esses ac ce ewele eh ebay saute 4 
10. Pounds of wet filter cake produced each month: .... 2... 6... ees ok tee eee cee en 8 
il: Per cent dry solids in miter cake—tor each MONth:. 2c isc. wes es ees oes eee es 8 
12. Equivalent lb. of dry solids in cake each month and Ib. per m.g. sewage flow........ 12 
13: Yield, dry sewage solus—ip. perags tty Pel Ol... ic4 so. ok eee bn kee eine seees 10 
14 IIe un OG Ola CANO ANIC CISOSAU ON CAKC 528 255.95 (susie sele oes sceje re lavol'ei dial w-a\o'e tyels viele ele cloner 4 
15. Life of filter cloth—hours’ use—month’s service... .........-. 0. eee eee ee eee Soa CO 


Weta ercdite tOrmerlecy SCOLe sc. ..2 25544 isis hi as areca ees Bike is aie aps ei la wea Gales 100 
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aa 
i lh ate bk Ri oft 


U. 


Cr Hm CO bo 


<q 


Nim 0 be 


On oo 


10. 
11. 


12. 


W. 


bo 


VacuuM FILTERS FOR TREATING SEWAGE OR EFFLUENT. 


Items Reported Upon 


. Type of filter, dimensions, number of units, and total filtering area............. 
. Number days filters operated during each month...................0..0.0000. 
. Number filter hours during month (sum of all umits)............00....0......... 
. H.p. of motors used during filtration ee ee Lae ee ee en 


ERO SA IEE CRNNR IMU RERDONAMANTO OSA ETD RIDNIOD os 55. 55x o's as wos wale, stv 4 4 Sa Gv. a a d's Hiei aye ebb ¥ sla lg%s ba ¥i0 bie 
. Chemicals or filter medium, pounds used each month and pounds per m.g........ 


Average thickness of filter cake, inches 


. Pounds of wet cake monthly and pounds per m.g. renin he eee hee pee Stet 
. Dry solids per cent in filter cake—for each month SR Aura a nfira aer dats cas hs Pot 
. Suspended solids in influent (p.p.m.), average monthly ae A Eee SANE 
. Suspended solids in effluent (p.p.m.), average monthly ee ee 
2. Method of handling and disposal of filter cake _ : i i ener tke 


Total credits for perfect score. pede bie: huisicle ial ohare smu’ 


OTHER FILTRATION DEVICEs. 
Item Reported Upon 
Type, size, number of units—explain method of back-washing 


—loss of head, ete. re : Saher ethene 


. Hours operated per day and total hours during each month Se ee eee 
. Suspended solids or turbidity of influent—max.—min.—average—for eac ch ee" 
. Suspended solids or turbidity of effluent—max.—min.—average—for each month. 


. H.p. of motors used during filtration. . . ; . PE Pe eee 


Total credits for perfect score 


INCINERATION (OR DRYING By HEAT). 


Item Reported Upon 


aype, mumber-of unite and rated capacity... 2.06.66. c acc cn eeu 
Temperature on each hearth (or at each point in senna, max.—min.—average 


. Preliminary drying or dewatering arrangements and results of treatment... .... 


Amount and kind of auxiliary fuel used per ton of dry solids—for each month... . 
Tons of sludge cake or screenings fed each month...... Me seal 
Average dry solids and volatile content of sludge or screenings as ey Te eee 
Tons of dry sludge or screenings solids per m.g. of sewage flow—for each month. . 


Average daily time incinerator is in operation each month................... 


9. H.p. of motors used during operation of incinerator 


Average volatile content of incinerator ash arama oe a eee 
Comments on operating difficulties Ml aoa Sets ohebs aie La Sate a pecs 
Tons ashes per m.g.—for each month ee aN et a eee eee 


Total credits for perfect score. . . Ps Soe Wa uchtreiehids Aossce 


GaAs COLLECTION. 


Item Reported Upon 


May, 


disposal of wash water 


Type of collector, gas-holder, appurtenances, ete... ........0.000 0 cece eee cee e ee aee 


2. Cu. ft. of gas produced per day. 


(a) Average during each month and cu. ft. per capita. 


(b) Maximum during each month and cu. "tt “COD C.) Ch ian A a ee ae arr 


(c) Minimum during each month and cu. ft. per capita. ....................00. 


Average CO; content of gas each month.................00ccccceccccsececes 


. Gas pressure at meter eee semy ets Ses Beye cas stm ierae eeae cas eae odes sea teie wie 


Total credits for perfect score... . 


1939 


Credits 
10 


Credits 


30 
20 
20 
20 
10 


100 


Credits 

10 

5 
10 
10 
15 
10 
10 


— 
a ae ~ 
CO vr or cr 


100 


Credits 
15 
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X. Gas UTILIZATION. 


Item Reported Upon Credits 
Ti eCGreeta aren La PAO) OER 5 fe fh bse sid vere Sivinie (oe svauarn os Slee deeia es Oa Sareea RIES 10 
2. Type of equipment, capacities, etc., for each unit utilizing gas..................... 15 
3. Average daily cu. ft. of gas used in each unit for each month...................... 15 
t. Statement regarding continuity of gas production and _ utilization—gas wasted— 
STi LSE eyi29 | EKCLIET0 (2 | 2x CRRA en ee e e eae pe  eet ine 10 
MBtALCLEAMSION DErCOh HCONGs ic 5 24 acc os g's aioe ainers ws Sie Base Nels wale ene ees 50 


ScHEDULE III 
Analyses 
A. Raw or BAR-SCREENED SEWAGE ANALYSES (state which). 


(To be submitted from all plants serving more than 10,000 and from 
all other plants where the necessary laboratory equipment is pro- 
vided. For fine screening plants, omit B.O.D. of raw sewage) 


Item Reported Upon Credits 
1. General method of sampling and outline of procedure... .............0 000000 ee eee 10 
2. B.O.D. (5-day at 20° C.). 
(a) Number of tests made each month...... Se aioe rd fein elite feet SS SA he ates eeeP eS 3 
(b) Average during each month........... Re ene OIRO AL Beet ers Ss) 9 
(c) Maximum during each month.......... Hach eb SO 4 
(gq) Miniestrmarduntam Oacnmontits. 5/23 5 o).0 nk ego Bak wae avai Delete Meer 1 
3. Suspended solids. 
(a) Number of tests made each month............ bgt licds ap cont nee Ra 3 
(6) Aivernee Cnn CACIIMIONE RN. 2.03.25 0 ws ic dciG's'e 6 ere Soa ecn 4 & visas oly tute wroanare eo 9 
(c) Maximum during each month....... 5 oe ss aicotasen abn ttn ahone bomen Ree Te nee 4 
(a)? Niininvdn) Gur CAC INOMUN. 2). ..0<5 sob ecb ae eee nase oes IRENE ew ewiee 4 
OTA CLOGNA TOP PCIICCE SCOPE oi /5S a.c.0 gi esis £4 bade Ooi oy Bae MDS PR ee 50 
B. FINE SCREEN EFFLUENT. 
Item Reported Upon Credits 
1. General method of sampling.............. sid igi Sia cd aghid oh dw Lo erase a oe ome 20 
2. Suspended solids. 
(a) Number of tests made each Months... 5. 6.66 icc cecscs ee aie s bean Poe seine Wien 20 
Cb) PAMELA ANMINEICACE: TMONUN so csc5kis eis bs ed saved aicrerd-w Seacge sree RUare SIS Noe een 30 
Ce). OTe aa Ta ad aE TNO 52g Soest io whips. sav ioe Go hd Ge and falspai“eradbe wrighar bLecetnte 15 
(d) Minimum during each month............ ahaa) ses ciseian he deah eld Bo Bee a Oa 15 
Ota Cheat TOF PeLICEUSCOLE...c.c/0/a:2i.ahs aie wise wakiege ate ba sea eee 100 


C, Primary TANK EFFLUENT ANALYSES. 
(To be submitted from all plants serving more than 10,000, from Ac- 
tivated Sludge and Chemical Precipitation plants, and from all 
other plants where the necessary laboratory equipment is provided) 


Item Reported Upon Credits 
ee Orel ybcele eid elec tt. 2h) ene ge nr Et rarer rc 16 
2. B.O.D. (5-day at 20° C.). 
(a) Number or tests tnnde Gn0l MON: 6 os. 6 des es cae tee awd wecilesesiels 8 
16 


“Coy Via iene 2eVCo Lehn ti 3170) F000 017 ee er ee IE 
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Item Reported Upen Credit 
(c) Maximum during each month PE ttt hm eet RON LN Sr igh haa 9 
Fir p Pa AANTARETID MARETERI CEBCT TOT 5 soso oi oe a in os aes owe oe eee bles eve aaa bie 9 
3. Suspended solids. 

(a) Number of tests made each month. emacs Pesce oie RoaptroR en vi Sots 8 
(b) Average during each month oe TAA Re ee eee 16 
(c) Maximum during each month - ee a ere 9 
(d) Minimum during each month ae PA Oe te Se 9 

100 


Total credits for perfect score pile ta tie elke anh ast 2 


D. FILTERED EFFLUENT ANALYSES. 
(To be submitted from all plants serving more than 10,000, which 
have filters and from all other plants with filters where the neces- 
sary laboratory equipment is provided) 


Item Reported Upon Cred 
1. General method of sampling. . . ; Pee etens 10 
2. B.O.D. (5-day at 20° C.). 
(a) Number of tests made each month WP a Boas has Se D 
(b) Average during each month 10 
(c) Maximum during each month 5 
(d) Minimum during each month 5 
3. Suspended solids (except for intermittent sand filters). 
(a) Number of tests made each month 5 
(b) Average during each month. -” Keres eS Tacs hon 10 
(c) Maximum during each month. .. Reap h Ran ses PRS is CA wl Roa tohce gh 3 5 
(d) Minimum during each month NR eT 5 
4. Turbidity. 
(a) Number of tests made each month 3 
(b) Average during each month 6 
(c) Maximum during each month 3 
(d) Minimum during each month 3 
5. Dissolved oxygen. 
(a) Number of tests made each month ee PER ibe) 5 
(b) Average during each month 10 
(c) Maximum during each month. . ba , EZ CR re eect ee 5 
(d) Minimum during each month Fae asin? SAE OR at oe Tes 5 
100 


Total credits for perfect score oe NTN ee Oates S Pree yee a oe 


KE. Frnau TANK EFFLUENT ANALYSES. 
(To be submitted from all plants serving more than 10,000 and from 
all other plants with final tanks, where the necessary laboratory 
equipment is provided) 


Item Reported Upon Credits 
1. General method of sampling........ Se TPR ee eee Sorter 10 
2. B.O.D. (5-day at 20° C.). 
(a) Number of tests made each month....... i eee q 
(b) Average during each month... ; : oe ane fae er ee eee 8 
(c) Maximum during each month. .. Bass <s Ste ey ee ieee { 
4 


erp Penna) SAMARIA CAG TNORED 5 5c os cso os ao sie odes cab dledioiosdwcleeecidiarcs 
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Item Reported Upon Credits 


Suspended solids (except for intermittent sand filters). 


(a) Numer or deste MAGe CACM ANONEN, ... 6.255.015 sad 3 six sale cals ote s-tue ee Slee olin 4 

CD) Averomre AUT IPCA CI TO NUR i555 c.c-5.6 o-< Si aia once suas ps terse wi aloe dame ew sone aie 8 

Co) Md ecru Ta ECACC TOT GIN 5c coe cost 5-0 0k aid toe whales doe ones, ae Gon Bare rey eee 4 

OD) oie rreben nn CV Tae CC TAO GIN oem S256. gov 5 se sa voce lo dShoin al oun aceconer sod ie Reo ong lac eokeeae 4 
Turbidity. 

(a) Nilimiber of teste made CAGN MONON 2.6.5 ose ce Ws oe Moa See Wl oldge te. eeie 3 


(b) Average during each month....... POET PSN EL Ot MEN he ne OMEN aR oY 6 








(ie) a GUPING CACO IMNONUO! ces). ck a 6 oes Sauls ees awa SG SMe aaa ws 3 
(d) Minimum during each month............. pb eB A ME on Be ae ees 3 
5. Dissolved oxygen. 
(a) Number of tests made each month..... Nisth SfS oc cavtraansotaraiic nto aera ae 4 
(b) Average during each month......... sittewna daaMaiel besicd oun, ste tebsn Gore tacgatn eh shee eee 8 
(C) PP er LOTID CRC IGN sc 6oi sald so oh oe Rie een ene aes 4daloied eaaanehees 4 
(d) Minimum during each month.................. eee ee oN er, 3 4 
6. Nitrates. 
(a) Number of tests made each month..... evs ta eles Deltas ae. A ee 3 
(b) Average during each month....... pepeih, SPR) oC huedas enter dere teees 6 
(¢) Maximum during each month.... eal be SOR arte ts SO Sa 3 
(a): Waaniaainna ira CrOnen NOMUN | 5 6. 0lS seiieen es se ea 8 abe a ew eee wee 3 
OURNCLOUIS TOO ICELORU SOOO sio-5 och tt sch isc se <aiad,e algal. & Bi Sdatad Sle esses etar arene 100 
I, ANALYSES—STREAM Above AND Below PLANT OUTLET. 

(To be submitted from all plants serving more than 10,000 and from 
all other plants where the necessary laboratory equipment is pro- 
vided, and where such tests in judgment of Committee are sig- 
nificant) 

Item Reported Upon Credits 
L; (General metsoworsampinnt. .-. «c.0.sakans she avisaa gd aahian.s 5 i aera Pee wee 20 
2. Estimate of average monthly flow of stream per" how obtained . ste iss oc Dena ea teat ahaa 20 
5. Average B:O:D. each month and number of tests . 6.06... 6. ccs oe we sae ed aes acy 20 
t. Average D.O. each month and number of tests. ........ 5 Med Gosden nace ae 
5. Average relative stability and number of tests. . . eee are ee ee) 
Total credits for perfect score...:...............02+ edie tee ores Seater 100 
G. SLUDGE ANALYSES 
Item Reported Upon Credits 
1. State frequency of sampling and facilities for measurements and weighings.......... 10 
2. Dry solids per cent in primary sludge (except Imhoff, plain and septic tanks)—for each 
“OCTET ee i rae cea’ thn A See AE es AE a eee EI oer REE oc yE SMA ye 10 
3. Dry solids per cent in conce entrated sludge from concentration devices—for each month 6 
1. Dry solids per cent in digested sludge to beds, lagoons or filters—for each month.... 10 
5. Dry solids per cent in sludge from beds or filters—for each month...............-. 10 
6. Average pounds (dry basis) of raw sludge solids per m.g. sewage treated—for the year. 10 
7. Average pounds (dry basis) of digested sludge solids per m.g. sewage treated—for the 
SER eee gto eee tcar PEST Pere Us tre ene rent yer pre as Daas tants eyed Sas Honk. odes Mo oats oicavale aoreriSeaeee Ea eS 10 
8. Average pounds per capital daily of raw solids recovered as sludge for the year (based 
(SEDs NSCOESER LER UNUD ER MAT Hs AUER V1) oo hase eos neo olor Ss cece nda ve Dias Breen IES) oo Wie os sug Vrovs (dss t Siaaoge 10 
9. Per cent fixed and volatile solids in raw sludge—for each month.................-. 8 
10. Per cent fixed and volatile solids in digested sludge—for each month............... 8 
11. Ether soluble matter in raw and digested sludge—for each month................. 8 


AOU T CHOOSE AOE PICTIEGU SCORE ic, 52.5 5 5.8 ssa piooie oh xe Boekscs a ISS daca asia nares Ba eters 100 
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SCHEDULE IV 
Cost Data 
ORIGINAL PLANT Cost. 


oo 


Item Reported Upon Credit: 
1. Original cost of plant excluding intercepting sewers and pumping stations not located 
on plant site—and original cost per m.g. capacity........... 0.0... c eee eee eee 25 
2. Original cost of additions or modifications............. TR A es A ee 15 
3. Present cost per m.g. capacity ae Eee eee nen cat nant ha teas 10 
Total credits for perfect score Se eee oe ree ie eee 50 


B. MAINTENANCE AND OPERATION COSTS FOR THE YEAR. 
Item Reported Upon Credits 


1. Salary of person in charge of plant proportioned in accordance with time devoted to 


Sones UA UARREDTD TATE MURAAITUTIBMNCO <5 | Soe sae vce bods olen Wen dns Saw GIES «0 Sw Siete ead 10 

2. Total salaries of chemists, clerks or office pe ersonnel proportioned in & entiae with 
time devoted to plant operation and maintenance................... 10 

3. Total wages of all other laborers and employees peoportipne di in accords ince with time 
devoted to plant operation and maintenance................... cece cece ee eeee 10 
4. Total power costs, itemized according to units, such as pumping, lights, ete......... 10 
5. Total cost for chemicals, itemized according to chemicals used. ...............-- . 10 
6. Total for miscellaneous or other costs. (Itemize if possible.).......... nee SD 
7. Grand total of all expenses during year for operation and maintenance....... = 10 
8. Revenve from sale of sludge, ete. 3 
9. Credit for power sold : 3 
10. Credit for gas delivered outside plant 3 


11. Total revenue. ... 
12. Net total operating and maintenance expense for year (no. 7 less no. 11) MOAR CTE: 10 
13. Average cost per m.g. of sewage treated during year exclusive of amortization and 


interest Be eet: é Pet Ate eer 10 


Total credits for perfect score 100 


EXCERPTS FROM ANNUAL REPORT OF SEWAGE 
DISPOSAL AND GARBAGE REDUCTION 


BOARD OF PUBLIC WORKS AND SANITATION 
City of Indianapolis, Indiana, 1938 


By D. E. Bioopgoop, Superintendent 


INpUSTRIAL WASTE SURVEY 


Continued efforts have been made to improve the efficiency of the 
catch basins of the many garages and filling stations throughout the 
city. Itis with gratification that it ean be said that the conditions have 
been improved. In most cases the owners and operators of the stations 
appreciate the necessity of the catch basins and co-operate very well 
in keeping them in good condition. 

In the past, large quantities of paunch manure have been trouble- 








939 
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some, but at the present time this can be kept to a minimum by rigid 
periodic inspections of the packing plants. 

An effort has been made to keep up-to-date the record of the number 
of air conditioning units and the quantity of water discharged. The 
increase in the number of units was appreciable, but the quantity of 
waste water discharged to the sewers was not in proportion to the in- 
crease in new units. There were 186 systems in 1937 and 287 in 1938. 
The amount of water increased from 526,145 gallons per hour in 1937 
to 617,437 gallons per hour in 1938. 


Grit CHAMBERS 


No trouble having been experienced with the discontinuance of the 
Speedway Grit Chamber, it was thought advisable to eliminate the 
Southern Avenue Grit Chamber. It is to be remembered that these 
two sewers pass through the West Indianapolis Grit Chamber before 
entering the plant. Some savings in electrical energy will be made by 
the above change. 

It was necessary to make some changes in the mechanically operated 
erit chamber at West Street. The original installation called for al- 
most continuous operation which was expensive because of the power 
eonsumed and the excessive wear on the moving parts. It is now pos- 
sible to remove the grit at four hour intervals, under normal conditions, 
only a few minutes being required to remove the grit at each cleaning. 
The grit chambers have been shortened by at least half of their original 
length, thus cutting down on the length of the drags in the grit channels. 
This eliminates wear and is entirely satisfactory as far as grit removal 
is concerned. Washed grit is entirely satisfactory to use as fill for 
low ground. 

CLARIFICATION 

Construction on two new primary tanks was started in October. 
They are similar in design to the older tanks except that the flights 
are used as grease skimmers on the new tanks. A grease skimming 
system for all units is being installed. The skimming’s will be pumped 
to the digestion lagoons. Effluent weirs are to be placed in all of the 
primary tanks. It is expected that these will increase the efficiency of 
this part of the plant. A new sludge pumping building is being built 
and will house three Scru-Peller sludge pumps and a sludge meter. 

The increase in sewage flow for the year is considerable. The 
reason for this is largely due to air conditioning water and excessive 
infiltration and run-off waters because of a rainfall of above average 
intensity. The per cent solids removal in the primary tanks is lower 
than usual, due in part to the low removal in December, when several of 
the units were out of service during the construction work, and a slight 
lowering of the solids in the raw sewage. 


SECONDARY TREATMENT 
The increase in sewage volume over the year previous, taxed the 
secondary treatment plant to the maximum. In 1937 with an average 
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CLARIFICATION PLANT, SUMMARY OF OPERATION 


Million | ~~ wer ; seed | Sileanidaae Grit | eign | sid "ne 
: rreated | Screenings | i fe é | Lb. Dry Solids 
Gallons ie | Ok ih Lb. per Cu. Ft. | Sol -_ Re ua 
per Day binges sb. per | MG. | per M.G. | Sol. per | X« moves 
: Tanks | M.G. | M.G. } in Clar. 
ae .| 49.53 17.7 13.10 | 15.87 3.29 | 793 27.3 
Peb.......:.] 8042 17.7 9.80 | 21.01 3.39 | 656 | 24.7 
paar... 50.80 19.4 7.25 22.55 | 4.35 830 | 28.8 
AMY: ...... 50.59 10.7 10.59 27.65 2.72 771 =| )~=— 32.9 
May........| 59.88 34.8 12.11 17.19 | 252 | 1081 | 387 
June........| 57.75 37.0 9.97 | 17.80 3.25 | 81K | 48D 
euly..-....-| 63:28 | 36.0 6.64 | 9.41 3.12 648 | 30.7 
ee ; 62.00 36.4 11.50 9.22 3.95 643 29.7 
Sept........ 51.63 144.7 | 11.20 17.69 3.09 | 790 | 29.8 
Co eae 43.24 54.8 8.48 2.80 1.99 780 27.3 
Nov...... 50.60 19.0 9.20 | 2.70 2.60 852 | 29.1 
Dec. See 417.03 50.5 18.69 8.35 0.795 | 654 19.4 
Average 53.0% 13.5 10.66 14.54 2.93 779 29.2 
Per Capita PER Day Figures 
Gallons of Sewage... . 128.18 
Suspended Solids, grams 152.80 
B.O.D. Pounds (5 Day) ; 0.213 
Grease, Grams — .<s 84.20 
Cost Total Plant (Mills) : 2 1.209 


Kstimated 1938 Population 410,000 (Polk) 


SECONDARY TREATMENT PLANT. SUMMARY OF OPERATION 


Activated Sludge Trealtmeni 


Settling 


Million Ail Aeration Gal. Sq. Ft. | Lb. Solids 
Gallons Cu. Ft. Period | per Day | Removed 
per Day per Gal. Hours Mixed per M.G. 
Liquor 
| ee 1.30 1.15 14.70 995 2301 
eae 0 
DIar,....... 0 
ae 8.58 1.34 11.43 743, - 
May... 20.48 1.30 7.75 805 1469 
gune...... 38.26 1.13 7.40 875 1753 
July .. cath 62.58 1.02 6.81 919 1462 
Pam e SS iis 43.80 1.27 6.71 1165 1195 
US) eae 39.40 1.37 7.02 1108 1650 
i ee Ne 34.48 1.70 8.15 980 1980 
ae 20.34 1.48 8.58 | 774 1587 
JL. eae 11.13 1.75 10.66 623 2479 
Yearly Total se 8408.40 (280 days) | 
Daily Average 30.00 1.30 | 8.33 | 897 | 1801 


* No sludge wasted while building mixed liquor solids. 
0 No. 1 Plant down to replace air plates. 
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SECONDARY TREATMENT PLANT, SUMMARY OF OPERATION 


Plain Aeration of Sewage 






































Million Air Aeration Settling Gal. | Lb. Solids 
Gallons Cu. Ft. Period per Sq. Ft. Removed 
| per Day per Gal. Hours per Day per M.G. 
Jan... 4790 | 046 | 5.90 1477 1692 
Feb... 49.76 | 0.45 | 5.64 1548 1681 
sit sa kets | 50.76 | 0.41 | 5.53 | 1579 1795 
Apr...... | 47.32 | 0.54 5.92 | 1435 1539 
May..... | 3896 | 060 | 7.20 | 1212 1712 
June. . | 28.50 | 0.68 | 985 | 1002 1527 
July... . 0.00 | — | — | —_— — 
Aug... 18.18 | 0.79 | 8.23 | 789 1337 
Sept... . 12.13 | 1.16 12.42 | 523 1770 
Oct... 9.92 | 0.97 |. ~eie | 431 2086 
Nov. 30.45 | 0.47 11.12 | | 752 1804 
Dec. . 35.90 | 0.32 9.90 | 801 1616 
Yearly Total.......| 10,774.90 (321 days) | 
Daily Average......| 33.57 — | 0.53 | 7.83 | 1047 1698 
Cuemicat Data 
Suspended Solids 
| | acti- | | | ~~ 
ices | Rapid | Clari- | — ted Total | | Plain | settled 
Pe ni _| Settler | fied bin os | Plant | Pri. Aera- | Return| Mixed | Act. 
‘ene, |. | Se le | | Sludge | tion | Sludge | Liquor | Slg. 
Pp sm: lis ls off. " ; 
| P.p.m. | P.p.m. Pam P.p.m | | Sludge to 
| | | —_— | Pits 
Jan. 333. | 181 | 246 12+ | 49 4.13 | 4.85 | 1.07 31 3.33 
Feb. 285 | 176 | 224 | 56 | 3.86 | 5.12 — — 
Mar. 331 | 187 | 234 - | 52 | 4.99 | 6.44 . 
Apr......| 280 144 187 | 10* | 44 | 4.49 | 5.63 | 1.12*| .24* _ 
May 320 148 2077 | 9 | 38 | 5.73 | 4.57 | 1.36 30 2.99 
June 305 136 207 | 11 | 22 | 625 | 3.35 | 1.13 25 3.28 
July 251 118 180 | 1 | a | 547 : 1.02 24 3.09 
\ug. 267 122 188 | 17 | 22 | 5.19 | 2.53 | 0.97 28 2.63 
Sept......| 315 141 220 | 9 15 | 5.11 | 2.87 | 0.98 30 2.47 
Oct. | 345 151 251 | 8 18 4.89 | 2.94 | 0.96 .30 2.40 
Nov......| 365 197 260 9 29 | 5.88 | 3.31 | 1.04 31 2.60 
Dee......| 416 258 324 | 10 35 | 3.93 | 4.18 | 0.97 34 1.68 
Wverage..| 312 | 164 | 224 | a1 | 32 | 5.15 | 4.45 | 1.08 29 | 2.58 





* 11 days only. } 24 days. 
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CHEMICAL Data 
Nitrogen 
Dry Basis 
Primary Sludge Plain Aeration Sludge Activated Sludge 
( C cf 

Jan. 2.26 5% be 1.30 
Les 2.38 2.95 — 
Mar 2.03 2.51 _ 
Apr. 2.48 3.20 4.67* 
ae 2.60 3.53 1.50 
Sune. .... 2.42 3.017 1.13 
July 2.55 1.15 
ee 2.68 ef ag 4.72 
Sept 2.80 4.27 4.35 
Oct. 2.78 1.02 4.91 
Nov 2.68 3.53 5.24 
Dec 2.69 3:23 1.99 
Average. . 2.47 3.40 £.59 


* 11 days. 


+ 18 days. 


CHEMICAL Data 


5 Day Bio-Chemical Oxygen Demand, P.p.m. 


Rawi Clarified Plain Activated Effluent 
Sewage Sewage Aeration Sludge to 

Effluent Effluent River 
Jan. 249 241 90+ 19* 90 
Feb.. 253 231 116 116 
Mar. . 178 149 72 72 
Apr... 184 158 72 26 85 
May 243 201 86+ 30 86 
June.. 191 168 78+ 30 42 
July. 164 146 23 23 
Aug. 217 196 57 27 36 
ae 229 197 18 22 37 
Oct. . 280 251 69 19 38 
Nov. 262 233 i3 20 53 
Dee. 321 291 Q7 15 64 
Average 225 201 82 22 60 


*24 days; + Calculated = Total-Activated; +20 days only; { Calculated from B.O.D. of 
primary sludge and B.O.D. of clarified sewage. 
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CHLOROFORM SOLUBLE 


Dry Basis 





Primary Sludge Plain Aeration Sludge} Activated Sludge 
% | % | % 
| eon” 

Jan. mY beers 22.2 31.9 9.4 
Feb... Sey toe 17.0 29.9 | — 
Mar. Ste 13.4 23.4 — 
(pr. . 15.6 26.2 12.6* 
May : : 16.8 24.7 10.0 
June ; 15.9 24.3T 8.9 
July : : 16.3 — 9.8 
\ug 17.2 25.4* 9.6 
Sept. E 18.2 23.5 9.5 
Oct. ao 20.2 26.5 9.6 
Nov. Bie ncn othe ces 16.0 29.6 10.6 
Dee. . : 19.8 32.4 Lee 
\verage 17.0 27.3 10.1 


* 11 days. 
+ 18 days. 
+ Acidified. 


Cost or OPERATION PER M. G. or SEWAGE TREATED 








ss | 

; Grit : | Secondary , ; | 
Chamber | Clar. and er Sludge Railroads | Total 

and Inter- | Pumping Pant | Disposal | and Lands | 

ceptors | 
Jan. $1.54 $5.20 $4.24 $0.67 $0.30 $11.95 
Feb. 0.99 1.24 4.01 0.29 | 0.42 | 9.95 
Mar. 0.92 3.33 3.31 0.17 0.44 | 8.17 
Apr. 0.89 3.41 3.75 0.15 | 0.45 8.65 
May 0.66 2:83 3.68 | 0.13 | 0.53 7.83 
June 0.76 2.68 459 | 0.04 | 0.48 8.55 
July... 0.66 2.39 4.34 0.07 | 0.43 7.89 
\ug. a 0.81 2.86 4.74 | 009 | 0.40 8.90 
Sept. 0.87 2.76 5.36 | O12 | 051 9.62 
Oct. 1.01 3.42 749 | 016 | 0.36 12.44 
Nov. Sa) a 3.58 5.54 | 0.28 | 0.32 10.66 
Dec. 0.89 3.56 | 4.33 0.36 | 0.35 | 9.49 
\verage. $0.90 | $330 | $457 | $0.20 | $0.42 $9.39 
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WuirtrE River Data 





5 Day 
B.O.D. in 
| Effluent 
C.f.s. | Discharged 
Flow* ; -- to River 


Above Plant | 6.25 Miles Below Plant 


Thousand 


Pounds 


Saturation | Oxygen | Saturation Day 


> 
I -p-m. Per Cent | P.p.m. | Per Cent 
Dissolved 


Oxygen 
Jan.... 1013 12.4 5 10.6 8.7 36.4 
Feb... 3550 12.1 10.8 82.: 48.0 
Mar... 5282 11.0 | 10.7 87.6 | 29.4 
Apr... 6935 8. 83 | 83.! 31.0 
May.... 1552 : : Bia 56. | 
June... 2897 1.6 D: 4.4 19.6 
July. 1850 ae on | 2! 12.9 
Aug. 17. 
Sept. 


52 
34 
Oct... 23 
<3 
3 


l 
4 
} 
7 


Nov... 
Dec. 


92 


Average 2000 


* Does not include sewage flow. 


flow of 48.83 m.g¢.d., there were periods when an activated sludge became 
over aerated, while in 1938 with an average flow of 52.56 m.g.d. there 
were times when it was necessary to resort to plain aeration treatment 
of a small quantity of sewage even in the summer months. It should 
be mentioned here that plain aeration of sewage is practical during 
that part of the vear when the more complete treatment is not neces- 
sary to keep the river in a satisfactory condition. The difference in 
cost of operation by the two methods, amounts to a saving of approxi- 
mately $3,000 per month for coal. 


SLupGE DIsposau 


At the present time there is sufficient land available for building 
additional sludge pits as they are needed. At some future date, how- 
ever, it will be necessary to take steps to provide a means of disposal] 
of all digested sludge that cannot be used by market gardeners and 
farmers. 

River Dara 


The flow in White River was high on an average, especially during 
the first seven months. Though the per cent saturation below the plant 
was lower than the vear previous, the condition of the river was satis- 
factory at all times. It should be noted that the river water during 
the critical months of July, August, and September, had less oxygen 
in it before the sewage plant effluent was discharged into it, than below 
the plant. 
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Power PuAant 


The use of No. 5-144 in. washed screenings coal has improved 
operating difficulties in the power plant. It burns with less ash, which 
in times of heavy load is a great problem. The seriousness of a lack 
of an adequate supply of cool condensing water is still felt. 

The K.W.H. produced during the year were 10.3 per cent higher 
than for 1937. 

Cost oF OPERATION 


The cost of operation of the sewage disposal plant per million 
gallons is slightly higher for 1938 than for 1937, but the 1.8 per cent 
increase in cost is much smaller than the per cent increase of labor 
cost, due to the increase in rate of salaries and wages and increase in 
personnel which amounted to 13.2 per cent. 








Editorial 





ACTIVATED SLUDGE RESEARCH IN THE LABORATORY 


It is interesting to note the increase in the variety and scope of laboratory 
research on the activated sludge process, both in the United States and elsewhere. 
Activated sludge was discovered in the laboratory and in the early years of the 
development of the process laboratory research was indispensable to determine 
the properties and peculiarities of activated sludge. Later, as the engineering 
development progressed, more attention was paid to large scale testing station 
data and to operation data from full-scale plants. All such sources of informa- 
tion were eagerly investigated, and still are, because the rapid construction of 
large and costly plants made it imperative to study all possible economies in 
design, and therefore activated sludge research on a plant scale occupied the 
attention of most chemists and engineers interested in sewage treatment. 

In the past five years, however, there has been renewed interest in the study 
of activated sludge in the laboratory. Although in the earlier years of research 
there seemed to be some doubt concerning the necessity for considering biolog- 
ical factors in the fundamental explanation of the mechanism of action of ac- 
tivated sludge, at the present time practically all investigators are convinced 
that physical chemical considerations alone are inadequate to account for the 
phenomena observed, and that bacteria and microorganisms play a necessary role 
in the transformations that occur. However, many of the laboratory investiga- 
tions overlook the obvious fact that practical plant operation requires primary 
consideration of the control and adjustment of the circulating load of suspended 
solids, and that such control must be based on rates of flow, content of sus- 
pended solids, capacities of aeration and settling tanks, and settling rates of 
sludge. The B.O.D. of the sludge alone will not be sufficient to enable a plant 
operator to exercise much control over the process. 

The laboratory research is essential, however, for a more satisfactory under- 
standing of the way in which clarification is effected, the activity of the sludge, 
the rates of reactivation of sludge surfaces, the factors which affect oxygen re- 
quirements, and the nitrogen and carbon changes which occur during aeration. 
The laboratory and plant-scale researches may seem to follow apparently 
uncoordinated paths at present, but eventually the data accumulated in the lab- 
oratory will be utilized to make plant operation more efficient. 

Laboratory work on activated sludge has been under way for a long time at 
the New Jersey Experiment Station, and a number of papers by Dr. Rudolfs 
and his co-workers have been published in Tuts JourNAL. The relation of solids 
concentration to degree of treatment, the mechanism of clarification,. and the 
carbon and nitrogen transformations have been studied. Laboratory oxygen 
demand studies were reported by Grant, Hurwitz and Mohlman in 1930 and 
since then there has been considerable development in this type of research. 
The work of Kessler, Nichols and Sawyer has been of great interest. The pres- 
ent Journal contains their most recent contribution, dealing with the variation 
in oxygen utilization by several types of activated sludge, and the relation be- 
tween organic content of sludge and oxygen utilization. Ruchhoft and his as- 
sistants at the U. S. Public Health Service Laboratory in Cincinnati have been 
reporting valuable results on the significance of the oxygen demand of sludge 
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as the most satisfactory test to determine its efficiency as a clarifying and oxi- 
dizing medium. Their present contribution in this issue is provocative, in that 
it indicates a lack of correlation between sludge index and oxygen demand, with 
the evidence pointing to the latter as the significant test for determining the 
activity and efficiency of activated sludge. 

Bloodgood at Indianapolis also seems convinced that rates of oxygen demand 
are sufficient to serve as the primary test for plant control, and he has been 
operating the plant primarily on this basis, of course relying also on the physical 
tests of sludge concentration, sludge index, and dissolved oxygen content of the 
mixed liquor. 

In England and Holland the oxygen demand of activated sludge has long 
engaged the attention of leading research chemists, and the laboratory work of 
Parsons and Wilson, Scouller and Goldthorpe, and Wooldridge and Standfast 
has been of value in showing the relations of sludge and oxygen in the activated 
sludge system. The laboratory work of the British Water Pollution Research 
Board has also been very stimulating in the attention it has paid to the various 
relations of carbon and nitrogen in activated sludge oxidation. Their most 
recent annual report for the year 1938 contains data on experiments cleverly 
contrived to show the significance of biological factors in nitrite reduction, the 
effect of temperature on rate of oxidation, and the coagulation of the colloids 
of sewage by activated sludge. The latter work leads them to the conclusion 
that ‘‘the main factor in the flocculation of organic matter in sewage by bubbles 
of gas is physical, though flocculation is influenced to some extent by biological 
action.’’ Further work along these lines will be needed to correlate the labora- 
tory work with plant operation. 

The examples that have been cited of laboratory research on activated sludge 
are probably the outstanding ones, but work is also progressing along similar 
lines in plant laboratories and in university graduate schools. The latter field 
has not been developed widely, and offers interesting and valuable possibilities 
for extending our knowledge of activated sludge. We must, however, constantly 
consider the application of laboratory research data to the practical operation 
of plants, wherein so many variables must be controlled that do not appear to 
be important in the laboratory; and we must also guard against the danger of 
rationalization in interpreting the results of laboratory experiments. Certain 
abnormal factors may destroy the value of generalizations based on large amounts 
of data. Therefore laboratory research workers should be conservative and 
judicial in drawing conclusions from the results of their work. 


F. W. M. 








Proceedings of Local Associations 





OKLAHOMA WATER AND SEWAGE CONFERENCE 


Fifteenth Annual Meeting 
Stillwater, Oklahoma, January 19, 1939 


The fifteenth annual meeting was called to order at 7:00 P.M. by the 
Secretary, as both President and Vice-President were not in attendance. 

Minutes of the previous meeting were read in full; motion made 
by C. L. Gibson, seconded by W. Stuart, carried. 

Report of Secretary-Treasurer was read in full and a copy of same 
is attached and made a part of the minutes of the meeting. Motion was 
made by M. B. Cunningham, seconded by E. Stockton to accept report as 
read, carried. 

The report of the committee consisting of E. M. Evans, F. D. Taaffe, 
E. R. Stapley, R. C. Dohe, H. M. LaRue and H. J. Darcey, appointed at 
the 1938 meeting to draft a program providing for a voluntary licensing 
program for the water and sewage plant operators and superintend- 
ents, was read. After some discussion the secretary was instructed to 
rewrite the sections in question, incorporating the suggested changes 
prior to submitting the proposed plan to a vote of the Conference. 

The amended program, as follows, was read at length: 


State DEPARTMENT OF PuBLIC HEALTH 
State of Oklahoma 


LICENSING PROGRAM 
FOR 
WATER AND SEWAGE PLANT SUPERINTENDENTS AND OPERATORS 


Examining Board: Board to consist of five members to be selected as follows: 


1. Representative of the Engineering School of the Oklahoma A. & M. College to be 
nominated by the Dean of the Engineering School, to serve for a period of four years. 

2. Three members of the Oklahoma Water and Sewage Conference to be selected by 
the Executive Committee of the Conference and approved at the regular annual business 
session. 

Vacancies to be filled by the Executive Committee, subject to the action of the mem- 
bership at the regular annual meeting. The three members first appointed will serve 
terms of two, four and six years as determined by the Conference. Members appointed 
to succeed the original board shall all serve terms of six years. 

The members of the Conference appointed to serve on this Board must be experienced 
in water and sewage plant operation and maintenance and shall at the time of appoint- 
ment be employed as superintendents or operators. 

3. The State Sanitary Engineer or a designated Assistant Engineer of the State De- 
partment of Public Health shall be a member of the Board and shall act as Secretary for 
the Board. 

Licenses: Licenses will be issued for both water and sewage treatment plant superin- 
tendants and operators and will be issued for a specific type of plant. In ease a holder 
of a license changes his position and assumes the responsibility of supervising or operating 
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a different type of plant, his license automatically becomes void and it will be necessary 
to apply to the Board for a new license. All licenses will be issued for a period of two 
years, and applicant will be subject to examination if deemed necessary by the Board 
before a license can be renewed. 

Associate Certificates: Employees in the water and sewer departments who cannot 
qualify for a license but who have demonstrated their ability to perform the duties of 
their position under the direction and supervision of a licensed superintendent or operator, 
will be entitled to receive an Associate Certificate upon recommendation of his superior. 
These Certificates are subject to the same regulations and limitations as the licenses. 

Requirements for License: Any person applying for a license must have two years’ 
experience in plant operation, or he must be a registered professional engineer, or he 
must be a graduate of an accredited engineering school with six months’ operating ex- 
perience of a character approved by the Examining Board. 

Eligibles: 1. Water or sewer system or plant superintendents. 2. Water or sewage 
plant operators directly responsible for the operation of the system or plant. 3. Lab- 
oratory directors only where they are in actual contact with the operation of water or 
sewage plants. Laborers around the plant, clerks and men employed as repair men on 
the distribution or collection systems will not be eligible for a license. 

Examinations: Examinations will be held four times a year, or at the discretion of 
the Board of Examiners, but preferably in January, April, July and October. The ex- 
amination will be given to all those whose applications meet the approval of the Board. 

The applicants will not be required to assemble at any one place for the examination. 
The questions may be transmitted to the applicant by mail, and he will be permitted to 
use any available texts, notebooks or other technical data in answering the questions. 
The completed examination paper must be returned to the Secretary of the Board within 
one week from date received. 

The Board of Examiners reserves the right to question any applicant and give 
further oral examination if it is deemed necessary to determine the qualifications of the 
applicant to hold such license. 

At least three members of the Board must declare the applicant to have satisfactorily 
passed the examination before the applicant will be declared eligible for a license. 

Fees: A fee of one dollar ($1.00) will be charged for each license or certificate is- 
sued, to defray the cost of printing, mailing and stenographie service. 

Motion made by W. Stuart, seconded by Chas. Howard, to accept the 
proposed voluntary licensing program, carried. 

Motion was made by Cecil Harrison, seconded by Wm. Belger, that 
the Conference approve the recommendations of the Board of Direc- 
tors, naming M. B. Cunningham for the six year term, Chas. Howard 
for the four year term, and Leon Bennett for the two year term as 
representatives of the Conference on the Examining Board; motion 
carried. 

The nominating committee consisting of Leon Bennett, Ancel Love 
and V. KE. Stockton, submitted the following nominations for the officers 
of the Conference: 


Karl Benedict, Hobart, President, 
Elmer Edge, Shawnee, Vice-President, 
H. J. Darcey, Oklahoma City, Secretary-Treasurer. 


Board of Directors 


L. H. Seott, Oklahoma City, Walter Bennett, Barnsdall, 
Robert Kyle, Ardmore, Tom Brittain, Chickasha, 
C. P. Peck, Stillwater, C. Abrams, Cleveland, 


P. O. Williams, Clinton. 
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Motion was made by M. B. Cunningham that nominations cease and 
that all the nominees be elected by acclamation; motion seconded by 
Wm. Belger. 

The Chairman of the Resolutions Committee, Mr. Cecil Harrison, 
Enid, submitted the report of the committee. Motion made by P. O. 
Williams to adopt the report as read, seconded by T. Brittain, carried. 

Motion to adjourn. 

H. J. Darcy, Secretary 


SEWAGE DIVISION, TEXAS SECTION, S. W. W. A. 


Twenty-first Annual Meeting 
College Station, Texas, February 13-17, 1939 


The Twenty-first Annual Texas Water Works and Sewage Short 
School met at College Station, February 13-17. The registration at 
this year’s School set an all-time record with 285 men in attendance 
representing various groups and interests. Special out-of-state guests 
of the School included: H. J. Darcey, State Sanitary Engineer, Okla- 
homa City, Oklahoma; Dr. H. E. Goresline, U. 8S. Department of Agri- 
culture, Washington, D. C.; Prof. Jack J. Hinman, Jr., Iowa State 
University, Iowa City Iowa; W. A. Reiman, Acting State Sanitary 
Engineer, Little Rock, Arkansas; J. H. O’Neill, State Sanitary Engi- 
neer, New Orleans, Louisiana; F. E. McDonald, Assistant State Sani- 
tary Engineer, New Orleans, Louisiana; H. R. Murdock, Director of 
Research, Champion Paper and Fiber Company, Ashville, North Caro- 
lina; and C. J. Wilhelm, U. S. Bureau of Mines, Bartlesville, Oklahoma. 

The program was divided into three sections: Water, laboratory and 
sewage. Prof. Hinman was invited to conduct the laboratory section 
which included demonstrations on discussions of special tests for water 
and sewage. Much interest was manifested by the attendants in all 
of the sessions where lectures were given on various phases of water 
and sewage plant operation and allied subjects. Special sessions were 
held in the evening in the form of round-table discussions on questions 
presented by the operators themselves. 

A new feature of the School this year was a gadget session on Tues- 
day evening. All of the operators who had either, through necessity or 
interest, designed some sort of inexpensive ‘‘gadget’’ to do the work of 
more expensive equipment, were invited to bring such gadgets to the 
session for display and explanation. 

The practice which was begun last year was continued at this School 
and on Wednesday evening there was a joint meeting of all of the dis- 
trict water and sewage associations in the State. There are now twelve 
such organizations in Texas of which eleven are active. Every group 
was well represented at this meeting where subjects of special interest 
to these organization such as programs, memberships, etc. were dis- 
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eussed. Mr. George J. Rohan, Superintendent of the Waco City 
Water Department, addressed the group on ‘‘Planning a Long Range 
Program”’ and gave some very helpful and interesting information. 

Thursday evening the annual banquet was held in the College Mess 
Hall with Mr. J. L. Horner, President, presiding. Dr. George W. Cox, 
State Health Officer of Texas, addressed the group on the progress that 
has been made during the past year in the water and sewage fields in- 
cluding licensing of water and sewage plant operators, studies on 
stream pollution, cooperation with the State Vocational Education De- 
partment on training of water and sewage plant operators, ete. Prof. 
Hinman entertained the group with a well prepared and humorous lec- 
ture illustrated with slides and relating to Suecess. Five special 
awards were presented during the evening as follows: Dr. W. T. Gooch, 
Chairman of the Water Works Operators Licensing Committee, and 
Mr. E. J. M. Berg, Chairman of the Committee on Certification of Sew- 
age Plant Operators, were each presented with Honorary Life Mem- 
berships in the Association in appreciation of the services rendered. 
The Rio Grande Valley Water and Sanitation Association was awarded 
a plaque for the greatest number of man-miles travelled by their mem- 
bers to attend the School. Dr. Cox on behalf of the Texas State De- 
partment of Health presented to Major Shawn of Randolph Field, a 
trophy in recognition of their having a sewage treatment plant which 
had produced the best effluent in the State for the year 1938. Another 
award was presented to Mr. Lewis A. Quigley of Fort Worth for dis- 
playing the most practical and unique gadget at the School. 

Mr. V. M. Ehlers, Secretary, gave a report of the accomplishments 
of the School during the past year including the progress of the Manual 
for Water Works Operators which was published by this Association. 
Special reports from the following committees were read and accepted: 


Resolutions Committee—Ashley G. Classen, El Paso, Chairman. 

Auditing Committee—D. B. Dickson, Wichita Falls, Chairman. 

Nominating Committee—Lewis A. Quigley, Fort Worth, Chairman. 

Committee on Licensing of Water Plant Operators—Dr. W. T. Gooch, 
Waco, Chairman. 

Committee on Certification of Sewage Plant Operators—K. J. N. Berg, 
San Antonio, Chairman. 








New officers elected to serve for the ensuing year are: President, 
Ashley G. Classen, El Paso, First Vice-President, D. B. Dickson, 
Wichita Falls, Second Vice-President, 8. C. Clark, San Benito, Third 
Vice-President, M. J. Salman, Commerce, Fourth Vice-President, Roy 
Matthews, Albany, Trustee, A. M. Brenneke, Denison, Secretary, V. M. 
Khlers, Austin, Assistant Secretary-Treasurer, Mrs. Earl H. Goodwin, 
Austin. 

V. M. Enters, Secretary 
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KANSAS WATER AND SEWAGE WORKS ASSOCIATION 
Twelfth Annual Meeting 
Lawrence, Kansas, March 16-18, 1939 


The twelfth annual meeting of the Kansas Water and Sewage 
Works Association was held at the University of Kansas, Lawrence, 
Kansas, on March 16-18, 1939. 

The total registration was 145. 

The preliminary laboratory school held on Mareh 13-15 was at- 
tended by twenty operators. 

The Association meeting opened on Thursday, March 16, at 9:30 
A.M. with an address of weleome by Ivan C. Crawford, Dean of the 
Engineering School at the University. 

H. L. Lingo, president, responded for the Association. 

The secretary-treasurer’s report was read and approved. 

The morning papers were devoted to water treatment. Of the 
afternoon papers, one was on sewage treatment entitled, ‘‘The Com- 
bined Garbage and Sewage Disposal Plant at Winfield’? by C. K. 
Mathews. Following this paper there was a panel discussion on ‘‘The 
Operation of Sewage Disposal Plants Using Sludge Gas for Power”’ 
by W. E. Baldry, R. B. Lee and P. L. Brockway. 

In the evening the Association was invited to the annual banquet of 
the School of Engineering and Architecture. 

Friday evening the annual banquet of the Association was held. 

The papers on Saturday morning included: ‘‘Progress in Oil Field 
Waste Disposal in Kansas’’ by Ludwig Schmidt, and ‘‘Stream Pollu- 
tion Control’? by C. W. Klassen. 

A round table on stream pollution was held following this last 
paper. 

The newly elected officers of the Association are: 


President, Robert Peart, Sterling. 
Vice-Presidents: Levi B. Smith, Paola, F. W. Sieker, Yates Center, 
Wm. O’Day, Coffeyville, and Warren Johnson, Wichita. 
Secretary-Treasurer: Earnest Boyce, Lawrence. 
Karnest Boyce, Secretary. 


NEW ENGLAND SEWAGE WORKS ASSOCIATION 
Tenth Anniversary Spring Meeting 
West Springfield, Mass., May 15, 1939 


The tenth anniversary spring meeting of the New England Sewage 

Works Association was held on May 15, 1939, at the Springfield Country 

. fo) * 

Club in West Springfield, Massachusetts. Eighty-seven members and 
I 311) 

guests were registered for the meeting. The morning session was 

ealled to order at 10:30 A.M. by President F. W. Gilcreas who presented 
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as the first speaker Mr. Robert Spurr Weston, Consulting Engineer, 
Boston, Massachusetts, who spoke on the subject of ‘‘Textile Waste 
Treatment.’’ This was followed by a discussion by Professor Charles 
R. Hoover of Wesleyan University, Middletown, Connecticut. 

The second paper of the technical session, ‘‘Status of Sewage Treat- 
ment in the Connecticut River Valley in Massachusetts,’’ was presented 
by Mr. Clarence I Sterling, Jr., District Engineer, Massachusetts De- 
partment of Public Health, who described the proposed sewage treat- 
ment plants in the valley in the state of Massachusetts. Mr. Sterling 
outlined the work now under way. 

The third paper of the morning session was presented by Mr. J. 
Henry L. Giles, Assistant Sanitary Engineer, Connecticut State Depart- 
ment of Health, on the subject of ‘‘Operation of Institutional Sewage 
Treatment Plants.’’ This was discussed by Mr. Edward Sosnowski, 
operator of the Fairfield State Hospital sewage treatment plant at 
Newton, Conn. 

There was some general discussion from the floor on all of the 
above papers. The morning session adjourned at 12:45 P.M. 

The members met for luncheon in the main dining room of the 
Springfield Country Club at 1:00 P.M. After luncheon, the report of 
the Secretary was submitted and accepted by the membership. This 
was followed by a lively Question Box conducted by Mr. Morris M. 
Cohn of Schenectady, New York. 

Following the Question Box, the members engaged in a putting con- 
test for which prizes were awarded at dinner. Some members availed 
themselves of the opportunity for softball and golf. 

The Association dinner was held at the Club at 6:00 P.M. Past 
Presidents Coburn, Lanphear, Scott, Brooks and Griffin were present. 
Past Presidents Bugbee, Fair and Gage were not in attendance. Presi- 
dent Gilcreas gave a brief resumé of the first ten years. 

The closing event of the day was a talk on aviation by the guest 
speaker, Mr. Charles L. Morris, Commissioner of Aeronautics for the 
State of Connecticut. 

LeRoy W. Van Kureck, Secretary. 


CONFERENCE OF WISCONSIN SEWAGE WORKS 
OPERATORS 


This is a new organization of which the first meeting was held on 
March 21-22, 1939, at Beaver Dam, Wisconsin. 

It is believed that the Conference will fill a long felt need for a 
gathering in which the small town operators will feel free to express 
their opinions. The group is working toward the adoption of legisla- 
tion requiring registration and examination of all sewage plant opera- 
tors. 

Fifty-seven were registered at the first meeting. 
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The organization is an outgrowth of the Sewage Works Operators 
Short Course. Its membership is limited to sewage plant operators 
and representatives of the sanitary engineering divisions of the State 
Board of Health and the various educational institutions of the State. 

Objectives: Aside from the usual objectives such as the interchange 
of ideas and experiences etc., the Conference is working in conjunction 
with the Wisconsin Section of the A. W. W. A. and the State Board of 
Health for the adoption of legislation registering water works and 
sewage plant operators. 

Inspection trip of the Beaver Dam Sewage Treatment Plant was 
made on the first morning. In the afternoon the following papers were 
presented: ‘‘ Mechanical Drying of Sludge’’ by Paul Richter, ‘‘Sludge 
Digestion”’ by L. E. Langdon, ‘‘Sludge Disposal’’ by C. O. Baetz, ‘‘Gas 
Engine Operation and Gas Uses’’ by Carl Wahlstrom, and ‘‘Chemieal 
Analysis’’ by J. Beatty. 

After dinner in the evening, L. B. Penhallow gave a talk on lubrica- 
tion. 

The Wednesday session included papers by Jake Klein on ‘‘Paint 
Problems,’’ ‘‘Pump Operation and Maintenance’”’ by Burr Romaine, 
“‘Trickling Filters’’ by Oscar Ward, and ‘‘Plant Records and Costs’’ 
by George Martin. 

Officers for 19389 
Carl Walstrom, La Crosse, President, 
O. E. Schwartz, Cedarburg, First Vice-President, 
Willis Markisen, Union Grove, Second Vice-President, 
W. J. Golueke, Green Bay, Secretary-Treasurer. 











Reviews and Abstracts 
H. W. Streeter 





DISPOSAL OF AIR-DRIED SEWAGE SLUDGE AS A MANURE 


By J. W. Fincu, Mgr. Rotherham Sewage Disposal Dept. 
The Surveyor, 95, 468-9 (1939) 


During the period January to May, 1938, the Rotherham Sewage Disposal Depart- 
ment carried on an intensive campaign advertising the use of sewage sludge as a manure. 
This campaign was carried on because of accumulation of dried sludge at the Aldwarke 
Works. There had always been some demand for the sludge as manure, but in recent 
vears its use declined because of the very high haulage rates charged by small contractors 
for odd loads, lack of knowledge of the properties of dried sewage sludge as a manure 
and its availability to the public, and prejudice against the use of sludge. 

The department approached several haulage contractors and one of the largest agreed 
to haul 4-ton loads for from 8s. per load (if length of haul was under 2 miles) up to 
10s. per load (for 3 to 4 mile hauls). Two-ton loads would be hauled for 4s. 6d. per load, 
under two miles, up to 5s. 6d. per load for 3 to 4 mile hauls. These lower rates were a 
decisive factor in the disposal of much more sludge for fertilizer purposes. 

With regard to the second factor named above: All department lorries carried 
posters and signs advertising the sludge and haulage rates. The department issued 
three publications entitled: 


“A Cheap and Excellent Form of Manure.” 
“The Technology of Soil Conditions Affecting Plant Growth.” 
“ How to Use Sewage Sludge as a Manure.” 


Secretaries of 26 allotment associations were instructed in the value of sewage sludge 
as manure and one-hundredweight samples were distributed. Farmers were similarly 
approached. 

As a result of all these efforts covering a 6-week period, orders came in at the rate 
of 100 tons per day and on the maximum day 151 tons were used. During the 5-month 
period January to May, 5,000 tons of sludge were disposed of as manure. Average age 
of the sludge used was 2 to 3 years. The information in this paper applies to the dis- 
trict of Rotherham with a population of 80,000, some 25,000 of these people living in 
surburban housing with gardens, and also to farms, market gardens and allotment 
societies within a radius of 5 miles from the source of supply of sludge. The sludge was 
sold for 2s. to 3s. per ton. 

Frank E. DeMartini 


NEUTRALIZATION OF ACID TRADE EFFLUENTS 


3y J. McNIcHoLas, Asst. Sewage Works Mgr., Walsall 
The Surveyor, 95, 459-60 (1939) 


A discussion of the problem is given followed by a description of the preliminary 
treatment plant recommended by the Walsall Corporation. The use of this acid neu- 
tralization plant is based on the plan of treating acid wastes at their sources. 

The plant consists of a rectangular tank, with baffles at inlet and outlet, which serves 
as a chamber where the mixing and reaction of the acid waste with milk of lime can be 


559 
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accomplished. Acid wastes enter the tank through an inlet feed channel with brick 
baffles. Milk of lime is added in this mixing and feed channel, 10 ft. ahead of the tank 
Since most of the neutralization takes place in this channel it is stated that it is necessary 
to line only this feed channel with acid resisting materials, and not the whole tank. 
Tank capacity should be sufficient to allow thorough mixing and reaction with the lime. 
For waste volumes up to 10,000 gal. per day a tank capacity of 1,000 gal. is recommended. 
The milk of lime is kept in suspension in the lime feed tank either by manual stirring, 
compressed air or other mechanical means. 

Principal types of acid wastes encountered were from cleaning or pickling of iron 
and steel (1% to 5% acid content and ferrous iron solution up to 8% by weight); a 
waste containing lead and nitric acid from a tube drawing works; effluent from a 
chromium plating works containing over 1,500 p.p.m. of chromium in terms of chromic 
acid; nickel plating wastes. 

Reasons given for necessity of neutralization are: 


1. Attack of sewers, both steel and concrete, and cement joints. 

2. Reaction of acid wastes with sewage solids containing cyanides, sulfides, and sulfites 
resulting in production of poisonous gases. 

Damage to mechanical plant—shafts, casings, pump impellers. 

. Odor nuisance at works due to liberation of odorous gases. 

Growths in sedimentation tanks and tank effluent channels. 

6. Sensitivity of purification processes to acid conditions and to metallic constituents of 


ot ge 


the wastes. 


With respect to the metallic constituents it is stated that acid iron pickling wastes 
may be advantageous in aiding clarification. If not neutralized the flow of such wastes 
to the plant should be regulated by balancing tanks. In nickel plating wastes, the metal 
is completely precipitated upon neutralization. Cadmium plating wastes are not widely 
encountered. Neutralization of chromium plating wastes does not cause precipitation of 
the chromate group and soluble chromates are considered toxie to bacterial life, although 
not much is known concerning their exact influence on biological purification processes. 
Rather costly methods and skilled supervision would be required to eliminate the soluble 
chromates from acid chromium plating wastes. At Walsall removal of chromates has 
not been required since chromates have been found only rarely in the main outfall sewage. 

Frank E. DEMArRTINI 


THE PURIFICATION OF DAIRY WASTE WATERS 


By N. W. Barrirr 


Sewage Purification, 1, 118-122 (March, 1939) 


“ Milk wastes contain varying amounts of fat, protein and sugar—all of which are 
found in domestie sewage—and are readily decomposed by bacteria. The proportion of 
sugar to protein is much higher than in sewage but the fat is in varying degrees much 
less. A high sugar content in relation to nitrogen retards the purification, requiring a 
longer time of contact, and the addition of sewage or ammonia would be helpful, but this 
oeeurs only in the ease of whey.” 

The trickling filter and the activated sludge processes are apparently the best pos- 
sible methods of milk waste treatment. “ Chemical precipitation methods are ruled out 
because there is no practical method of precipitating sugars and to remove the protein 
alone makes the sugars more difficult to purify than before.” 

Biological Filtration (trickling filter) The trickling filter is a safe and reliable 
method under experienced management and produces good results under variable operat- 
ing conditions when the contact time is satisfactory. This is due to the ability of the 
biological growths to adapt themselves to changing conditions within certain limits. 

Filter materials should be carefully selected and graded with no material smaller 
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than 114 in. mesh, and for maximum performance should be carefully placed. The wastes 
should have preliminary sedimentation to prevent clogging the filters. Septic tanks 
appear to be superior to other means of settlement for milk wastes. Several days de- 
tention is recommended but this depends upon temperature. Two tanks operated on the 
fill-and-draw principle at 24-hour intervals are considered superior to a single larger 
continuous flow tank. The wastes become acid during treatment but the pH does not 
exceed 4.0 even for the strongest whey. The use of lime is not considered necessary. 

The B.O.D. of the milk washings is usually reduced by settling, for 24 hr., to about 
450 to 900 p.p.m. (40%) which can be handled by an ordinary filter. Whey wastes 
undergo less reductions (about 20%), to a B.O.D. of around 1600 to 3600 p.p.m. which is 
too great for the ordinary filter at the usual rates of filtration. 

Strong waste liquors may be reduced greatly by passage through lath or coarse 
gravel filters, which show removals of 45 per cent to 80 per cent B.O.D. before final fil- 
tration. Strong wastes may be diluted with domestic sewage before treatment to reduce 
load upon filters. Due to frequent observations that weak liquids require more filter 
medium for reduction of a given B.O.D. than do strong liquors, dilution is deceptive in 
its effects and may not be economic. 

The most promising system for treating (a) milk and (b) whey washings by trickling 
filters is diagramatically as follows: 


(a) Influent > Alternating Septic Tanks — Trickling filter — Effluent. 
(b) Influent — Roughing filters — Settling tank — Trickling filter Effluent. 


The Activated Sludge Process.—This process is less elastic and shockproof than fil- 
tration. The sludge may be considered similar to a filter bed film in that it consists of 
similar microorganisms. Actually it differs in many particulars in that: (1) a consid- 
erable time is necessary to produce a good sludge; (2) there is no grading or zoning of 
organisms as the sludge is kept homogeneous by agitation; (3) rapid and complete 
settling is essential but this is impossible if the organisms have different settling rates. 
The sludge is limited to fewer types of organisms than are possible in a filter. 

The most important limitation to the activated sludge process is the strength of the 
erude liquor, which is closely linked with the rate of aeration. At ordinary temperatures 
a B.O.D. of about 500 p.p.m. is the strongest that can be handled satisfactorily. At 
about 30° C. a liquid of 700 to 800 p.p.m. B.O.D. can be effectively purified in about 10 
hr. aeration. Below 15° C. weaker liquors and longer aeration periods are required. 

Against the limitations of the activated sludge process there is a great advantage in 
freedom from trouble due to suspended solids or readily flocculated substances in the 
crude liquors. The large Mogden installation can operate successfully without any pre- 
liminary sedimentation. The activated sludge process can be used for the treatment of 
milk washings if the -B.O.D. is not too high, and no presettling tanks are necessary. 
Whey washings must be diluted or treated by preliminary roughing filters to reduce 
B.O.D. before aeration. 

One plant used condenser water and domestic sewage to dilute the milk wastes and 
obtained a good effluent with B.O.D. reduction from 150 p.p.m. to 13 p.p.m., with an 
aeration rate of 3 cu. ft. per gallon. The sludge contained 17 per cent fat. The good 
results may be due in part to the use of hot condenser water as a diluent, which kept the 
temperatures nearer to the optimum. Temperatures in excess of 100° F. are detrimental 
and condenser water used as diluent should be controlled. 

Another successful installation at Ellesmere produced a good effluent at temperatures 
of 10° to 15° C. with 20 per cent return sludge and a 24 hr. aeration period. With 
temperatures increased to 15° to 20° C. an effluent B.O.D. of 10 p.p.m. was maintained 
for over a year with influent B.O.D. of 350 to 500 p.p.m. 

Experiments of the author at Rothamstead laboratory showed that no difficulty was 
encountered in treating milk and water, with 550 p.p.m. B.O.D., by the activated sludge 
process if the temperatures were kept above 15° C. At 30° C. effluents of less than 15 
p-p.m. B.O.D. were obtained in 8 hr. aeration, and sludge of good settling characteristics 
was produced. Mixtures of 1 per cent milk with a B.O.D. of 1000 p.p.m. were reduced to 
less than 20 p.p.m. B.O.D. by aeration for 24 hr. at 30° C. 
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Kessener employed a surface aeration method for milk waste treatment in Belgium 
and France using 60 per cent return sludge and 3-day aeration periods. A similar plant 
used in the British Isles was not successful in treating milk wastes of 1500 p.p.m. B.O.D. 
with an aeration period of 30 hours. 

The use of activated sludge as preliminary treatment to filtration is fundamentally 
wrong. Liquors too strong for trickling filters are too strong for the activated sludge 
process and are likely to lead to bad settlement of sludge and inefficiency. 

“The problem of the purification of dairy waste waters is not one of lack of suitable 
methods, but rather of their correct understanding and application.” 

C. T. CARNAHAN 


INDUSTRIAL WASTE TREATMENT PROCESSES AND 
PLANT DESIGN 


By E. F. ELDRIDGE 


Michigan Engineering Experiment Station, Bulletin No. 82 (September, 1938) 


Industrial wastes may be grouped into three general classes: 


Organic wastes, from food or beverage productions or processing plants, tanneries, 
laundries, paper and straw-board mills, textile and dye works. 

Toxie wastes, from metal plating or production plants, gas or chemical plants, coal or 
other mines. 

Inert wastes, from water softening plants, oil wells, saw mills, gravel pits. 





The method and degree of treatment of an industrial waste should depend upon the 
characteristics of the waste and the local requirements to eliminate or minimize objection- 
able conditions caused by the waste discharge. 

The cost of treatment plants, in many cases, may be reduced by a segregation of 
the wastes requiring treatment from those which are relatively uncontaminated. Prior 
to the design of a plant, it will be necessary generally to determine the waste flow by 
weir measurements and the waste characteristics by analyses of samples composited 
according to the observed flow. 

In the bulletin there are given treatment plant layouts, specific details for design | 
of treatment units, and estimates of cost of treatment plant construction for several 
wastes which merit the close attenion of designers and others interested in waste treatment. 

Beet Sugar Factory Wastes: Because of the differences in volume and characteristics, 
the various wastes from beet sugar factories are best treated separately. 

Flume water, containing mostly tops, roots, and soil from washing, should require 
only fine screening, grit removal and sedimentation. Grit removal is most economically 
accomplished in conventional grit chambers, equipped with continuous removal equip- 
ment. Settling tanks should provide about 80 minutes detention at maximum flow and 
be provided with mechanical sludge removal equipment. 

Process water (diffusion battery wash water and pulp press water) contains oxygen 
demanding materials, in solution or colloidal suspension, which may be coagulated by 
the application of 500 to 600 p.p.m. lime and then largely removed by sedimentation. 
The dosed waste should be coagulated for 20 to 30 minutes with slow stirring paddles 
and settled for about two hours in a mechanically equipped tank. In some cases, where 
the receiving body of water is small, further treatment, consisting of biological filtration, 
may be required. 

Lime cake, where possible, should be discharged by belt conveyor or slurry pump. 
Where flushing with water is necessary, the material may be sluiced to large capacity 
ponds, or preferably, re-concentrated by settling and the resulting sludge dewatered on 


vacuum filters. 
Steffens waste now is commonly disposed of by storage, and discharge during flood 
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periods. Treatment by evaporation seems promising for future development. It may 
be used for coagulation of process water, in proportions of about 1: 24, in place of lime 
dosage. In some cases, adequate treatment and disposal may result by mixing, in factory 
proportions, the Steffens, process, and flume wastes, after removing grit from the latter; 
after coagulation with mechanical stirring for about 20 minutes and sedimentation for 
about 1.5 hours, the effluent will show a reduction of abcut 98 per cent of the suspended 
solids and 55 to 65 per cent of the 5-day B.O.D. 

Two methods of disposal are available for the sludge produced by sedimentation of 
sugar beet wastes, i.e. ponding and vacuum filtration. Ponds must be of adequate 
capacity to hold the entire volume of sludge produced during the campaign without 
overflow. Vacuum filtration will reduce the sludge moisture content from about 85 to 
45 or 50 per cent. 

Milk Products Factory Waste: Milk wastes are composed, in general, of the washings 
and drainage from factory equipment. In the ease of small plants, these wastes may 
be disposed of by application to several acres of cultivated land, odors being controlled 
hy previous dosage with disinfecting agents. 

Treatment of the wastes on standard or re-circulating type trickling filters, fol- 
lowed by sedimentation will effect 65 to 75 per cent reduction of B.O.D. The rate of 
filtration may be about 1 m.g.a.d. on a standard filter of 20 m.g.a.d. of the recirculating 
type when diluting the filter influent with 8 to 10 volumes of settling tank effluent. 
Small plants may find suitable a fill-and-draw process in which the entire day’s waste is 
collected in a tank and applied over and over to the filter until the next day’s waste 
must be received. 

The Guggenheim process, with return activated chemical sludge, is capable of 
effecting 90 to 95 per cent reduction of B.O.D. A 4-hour aeration period should be 
provided, 30 p.p.m. of iron salt, 100 p.p.m. of lime, and 3 cu. ft. of air per gal. of waste 
being required. 

Metal Treating and Plating Wastes: The treatment of pickling liquors should con- 
sist of neutralization and sedimentation, followed by aeration and settling out of the 
precipitated iron oxide. With small volumes, the fill-and-draw process can be employed 
to advantage. Two tanks should be provided, each capable of holding one day’s waste 
discharge. The day’s waste should be collected in the first tank, neutralized, and settled 
overnight. In the second tank, the settled liquor is aerated for most of the next day, 
allowed to settle and the clarified effluent is then discharged. 

Plating room and other wastes containing cyanides should be treated to a high 
degree of removal by acidification and volatilization of the hydrocyanie acid. The proc- 
ess can best be used on batches. Sulfuric acid should be added gradually to the waste 
in a covered, vented tank, the liquor being aerated with compressed air. The amount of 
acid and aeration will depend upon the initial cyanide concentration; 16 hours aeration 
will usually suffice. Much care should be taken to dilute adequately the evolved gases 
before discharge, because of their toxie nature. 

Canning Factory Wastes: For treatment of wastes from a “ full-line” canner, where 
a large variety of products is manufactured, fine screening and biological filtration are 
required, plus chlorination in extreme cases where a very high degree of purification is 
desired. <A rotary self-cleaning screen, with openings 0.01 to 0.12 inch size, is best 
suited for the purpose. The trickling filter design should allow an application rate of 
about 1 m.g.a.d. based on the maximum daily flow. 

For treatment of wastes from specialized factories, biological processes are not 
readily adaptable; chemical precipitation is more suitable, at least for primary treat- 
ment. Following fine sereening, the waste should be dosed with lime and ferric chloride, 
coagulated for at least 15 minutes with slow speed paddle mixing, and settled for at least 
1.5 hours. The sludge produced will drain readily on underdrained sand beds. 

At pea canneries, the concentrated waste stack juices from vine storage should be 
spread on land or, if this is not feasible, pre-treated with heavy lime application and 
sedimentation prior to treatment in combination with the other factory wastes. 

Meat Packing Plant Wastes: For small packing plants, waste treatment by co- 
agulation with chlorine followed by sedimentation is more positive of results than bi- 
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ological processes. With small waste volumes, utilization of a combination flocculation- 
sedimentation tank is most effective. After collection of the day’s waste, chlorine gas 
should be introduced near the tank bottom until a rapidly settling floe is produced; 
further coagulation by ferric chloride dosage should then be produced. For average waste, 
about 4 lb. of chlorine and 1% gal. of 40 per cent ferric chloride solution will be required 
per 1000 gallons treated. The tank contents should be slowly stirred during chlorine 
and ferric chloride dosage and for about 15 minutes thereafter. After settling over- 
night, the clarified waste may be discharged. The sludge may be applied to land or 
dried on underdrained sand beds. 

Tannery Wastes: Tanneries produce two major wastes, extremely variable in char- 
acter due to periodic vat dumping. Beam house wastes, highly alkaline and containing 
large amounts of suspended solids, are comprised of hide washings, salt soaks, lime soaks 
and spent lime solutions. Tan yard wastes, composed of spent tan liquors and tan 
washings, are slightly acid and contain considerable dissolved material. 

Chemical precipitation treatment of the mixed wastes will remove about 80 per 
cent of the suspended solids and 45 to 50 per cent of the B.O.D. If the hair has not 
been previously removed in the tannery, the beam house waste should be fine screened. 
The wastes should then be mixed, dosed with lime and ferrie chloride, coagulated with 
mechanical mixing, and settled for at least 2 hours in a mechanically equipped tank. 

At some tanneries, approximately the same results may be obtained by segregating 
the concentrated wastes from vat dumpings and the more polluted washings, and treating 
this smaller volume by chemical precipitation. The concentrated wastes are best settled 
by the fill-and-draw process. 

Settled tannery sludge may be disposed of by lagooning or drying on underdrained 
sand beds. The sludge will dry rapidly in good weather. 

Where secondary treatment of tannery wastes is required, biological filtration is 
recommended. The waste may be applied to the filter at a maximum rate of 1.5 gal. 
per sq. ft. per hour. This secondary treatment will accomplish an overall removal of 
70 to 75 per cent of the initial B.O.D. 

Textile Wastes: Textile mill wastes may be classified in four general types: 

1. Deterging or cleaning wastes from wool scouring, cotton kiering, silk degumming, 
flax retting. 

2. Bleaching wastes. 

3. Miscellaneous wastes from desizing, mercerizing, weighting, earbonizing. 

4. Dye wastes from dyeing, printing, finishing. 


It is usually more economical to treat the combined wastes than the specific wastes 
individually. In all cases, chemical precipitation processes are required, sometimes 
followed by biological oxidation, usually in the form of filtration. 

If dye wastes are to be decolorized, this may be accomplished by adding to them 
the bleaching wastes, augmented by chlorine dosage as necessary. Certain dyes are not 
susceptible to this treatment. 

If the wastes are extremely acid or alkaline, they should be neutralized prior to 
treatment. Due to the rapidly changing character of the wastes, it is necessary to control 
acid or lime dosage by hand. 

Fill-and-draw settling tanks are adapted to use at small mills where the maximum 
hourly waste flow does not exceed 12,000 gallons. For these, it is recommended that at 
least two hopper-bottomed tanks be provided, each with capacity for 5 hours flow ac- 
cumulation, and equipped with coagulating paddles. The tank influent should be dosed 
with lime and ferric salt. 

For a continuous flow treatment plant, a flow equalizing tank should be provided. 
The waste should be dosed with lime and ferrie salt, mechanically flocculated for 15 to 
20 minutes, and settled for about 1.5 hours. Mechanical equipment should be provided 
for the removal of the sludge, which can be dried readily on sand beds. 

Laundry Wastes: At the sewage treatment plants of small communities and especi- 
ally institutions, laundry wastes may cause operating difficulties due to excessive scum 
formation. Such difficulties may be eliminated by providing effective scum removal 
equipment or by separate treatment of the waste. 
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For separate treatment of this waste, both chemical precipitation and _ biological 
filtration have been used, the latter appearing to be preferable. In order to obtain more 
uniform dosage on the filter, a flow equalizing tank should be provided. The filtration 
rate should be about 1 m.g.a.d. over the daily flow period. Secondary sedimentation for 
about 2 hours is essential for efficient treatment, especially when treating a strong waste. 

Pulp and Paper Mill Wastes: In the processes of manufacture of pulp and paper 
stock from wood, rags, or waste paper, chemicals are commonly used for removal of 
impurities and for bleaching. The wastes resulting are troublesome, especially those 
from the sulfite process of wood pulp manufacture. In addition to the chemical wastes, 
the processes for production of wood pulp, paper stock, and paper result in losses of 
varying amounts of fiber, the principal constituent in these “ white-water” wastes. 
Prior to treatment, the chemical wastes should be segregated from the white water. 

Treatment processes for the chemical wastes from pulp and paper stock mills have 
not been developed to the point where definite recommendations may be made. For sul- 
fite liquor treatment, the Howard recovery process, consisting of stage treatment with 
lime to recover calcium sulfite and remove organie materials, seems promising and results 
in about 75 per cent reduction in the oxygen demand. 

Dye wastes, in some eases, may be decolorized with chlorine or waste bleach liquor. 
Chlorine in waste bleach liquors may be largely removed by aeration. Sodium carbonate 
liquor from de-inking of reclaimed paper may be treated with calcium chloride and settled 
to remove suspended and precipitated solids. 

For white water wastes, it is best to combine recovery of fiber with treatment. Fiber 
recovery may be accomplished by “ save-alls” of the screen, vacuum filter, or settling 
tank type. The sereen type is the least efficient and usually consists of a rotary drum 
sereen with fine wire mesh cover, from which the fibers are mechanically removed. 
Vacuum filters, highly efficient in fiber recovery where the wastes contain little or no clay, 
are often used in connection with partial re-use of the water. Sedimentation save-alls 
are best adapted to wastes containing considerable clay; several hours detention in a 
mechanically equipped settling tank or 45 minutes detention in a multiple tray clarifier 
should be provided. Less efficient settling may be used if waste treatment is to follow 
the recovery process. 

Treatment of white water following fiber recovery is best accomplished by chemical 
coagulation and settling. Following dosage with lime and ferric chloride, the waste 
sheuld be mechanically coagulated for about 20 minutes and settled for about 2 hours, 
based on maximum hourly flow. Chemical dosages of about 100 p.p.m. lime and 25-50 
p.p.m. ferrie chloride will usually result in proper clarification. Mechanical equipment 
should be provided to remove the sludge, which will not dry readily and should be 
lagooned. 

Effect of Industrial Wastes on Municipal Sewage: Municipal sewer systems are 
often called upon to handle industrial wastes which, in some cases, cause trouble by 
deterioration of the sewers or by interfering with proper treatment due to waste charac- 
teristies, volume, or strength. 

Certain wastes should generally be excluded from the municipal sewage disposal 
system unless they are present only in very great dilution. These are: lime cake or 
Steffens waste from beet sugar factories, acid pickling liquors unless neutralized prior 
to discharge from the factory, plating wastes containing eyanides or copper salts, textile 
mill wastes, chemical wastes from paper pulp mills. 

Some wastes may be treated in conjunction with the municipal sewage with general 
suecess, if the plant treatment units are properly and specifically designed for the extra 
loading. These are: flume water and process water from beet sugar factories, milk 
wastes, screened cannery wastes, packing house wastes, and tannery wastes. When the 
wastes constitute a large percentage of the total load on the municipal plant, separate 


treatment will usually be more effective and economical. 
V. G. MacKenzie 
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DESIGN, CONSTRUCTION AND OPERATION OF THE 
MELBOURNE SEWERAGE SYSTEM 


By E. F. Bovrir 


Journal, Institution of Engineers, Australia, 10, 351-365 (1938) 


The Metropolitan Area of Melbourne contains 438 square miles, including 26 mu 
nicipalities and parts of 12 others. The Melbourne and Metropolitan Board of Works is 
responsible for the water supply, sewerage and storm drainage. The climate is tem 
perate, with an annual rainfall averaging from 17.34 to 25.65 inches, according to the 
location. The area is sewered on the separate system. Sewerage facilities are provided 
for 98 square miles, 261,782 premises, and 1,039,600 population—about 95 per cent ot 
the total. 

Most of the sewage is pumped and becomes stale, so that corrosion has developed in 
the rising mains and on ladders in manholes. The ladders are removed occasionally, 
heated and cleaned with a wire brush, and dipped in a priming bath of hot tar, followed 
by hot pitch enamel (75 per cent coal tar pitch; 25 per cent Trinidad asphalt; melting 
point 65 to 75 deg. C.). The rising mains have been reconditioned with a special pitch 
enamel, sprayed on. Grease balls are removed in amount some 161 tons annually. The 
sewage is collected by interceptors to a common point and discharged through a 15-mile 
outfall to the sewage farm. The details of the sewers and construction methods employed 





are described. 

Manhole covers and frames are reseated by a special tool. Infiltration is held down, 
as well as storm runoff. From 2.34 to 4.21 per cent of the total precipitation actually 
was pumped at the main station. 

The sewage is disposed of by irrigation on a farm, including 22,634 acres, well iso- 
lated. The treatment produces an effluent containing less than 20 p.p.m. 5-day B.O.D. 
and 30 p.p.m. suspended solids. Three methods of treatment are employed, land filtra- 
tion, grass filtration and natural purification in lagoons. In the land filtration, a grass 
pasture (around 9,425 acres) is established, which is irrigated at a rate of one million 
Imp. gallons per day. Cattle, sheep and horses graze thereon, 3 to 5 days after water- 
ing, but the cattle are not used for human consumption. Grass filtration is handled in 
special bays 33 ft. wide and over 1,200 ft. long, in which there is a heavy growth of 
grass. After one year, a rate of loading is reached, not exceeding one million Imp. 
gallons per 20 acres per day. Up to date, pre-sedimentation has not been needed. 

The annual average flow to the farm was 48.3 Imp. m.g.d., with an average dry 
weather flow of 46.5 m.g.d. The approximate age of the sewage was 16 hours. 

LANGDON PEARSE 


CITY OF JOHANNESBURG 


Annual Report of the City Engineer, Year Ending June 30, 1938 
86 pp. + diagrams 


This is a report issued by E. J. Hamlin, City Engineer, describing his work which 
includes streets, water supplies, sewers, sewage treatment, tramways, foundry and public 
cleansing (collection and disposal of household refuse). 

Five sewage treatment works are operated, handling the sewage of 235,000 out of 
271,800 Europeans and 105,000 out of 237,000 non-Europeans. A revenue is produced 
of £10,939. The total daily average flow was 10,210,000 Imp. gal., the smallest plant 
(Antea) handling 255,000 and the largest (Klipspruit) 6,552,000 Imp. gallons. 

At Klipspruit the sewage is settled and distributed over land largely used for graz- 
ing, producing a revenue of £9,773 from all sources. This plant is being enlarged with 
separate digestion tanks and gas collection, and trickling fiter. 
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At the Antea works, yeast waste is now pumped over to the Klipspruit works. 

At the Bruma works, new separate digestion works are nearly completed. The cir- 
cular settling tanks are covered. Floating steel gas collectors are used. 

At the Cydna works, new open sludge digestion tanks have been completed. 

At the Delta works, an extension was put in service. 

Research work on sewage treatment is carried on, particularly on trickling filters. 
A series of eight jacketed filters of 12-in. diameter were operated at various controlled 
temperatures to differentiate effects of temperature and ventilation. The effect of CO, 
was also studied on two 6-in. filters. High rate dosing was tested on a 3-ft. diameter 
filter. Tests on a plant scale are under way on ventilation. 

Two articles are appended, viz.: 


“ Some Notes on the Ventilation of Pereolating Filters,” by E. J. Hamlin and H. Wilson. 
“An Investigation into the Factors Affecting and Controlling the Drying of Sludge on 
Sludge-drying Beds,” by B. L. L. Offell. 


In the first article, following a historical review, the research work at Klipspruit on 
an enclosed Pruss filter is described. In the pilot plant, settled sewage is applied by a 
4-arm revolving sprinkler to a filter 40 ft. internal diameter, with 5 ft. 71% in. average 
depth of stone. The Pruss filter is identical except that it is covered and equipped with 
aerating tile. The preliminary results show that the enclosed filter was less sensitive to 
cold wind, and handled 3 to 4 times the output per cu. yd. of filter media than did the 
open filter. 

The sewage is strong and fresh, containing from 195 to 383 p.p.m. oxygen absorved 
in 4 hr., ammoniacal N 66 to 122 p.p.m. and albuminoid ammonia from 12 to 40.8 p.p.m. 

On the open filter, the Imp. gallons applied per eu. yd. varied from 33.8 to 62.6 after 
the first week. In the effluent, the nitrates varied from 0.3 to 35 p.p.m. The B.O.D. in 
the effluent ranged from 10.5 to 90 p.p.m. On the closed filter, the Imp. gallons applied 
per cu. yd. varied from 24.6 to 169.5. In the effluent, the nitrates varied from 0.0 to 
22.8 p.p.m. The B.O.D. in the effluent ranged from 11.1 to 80.4 p.p.m. 

In the second article, sludge bed design and operation are discussed, with the rela- 
tion of evaporation and drainage. The water present was classified as free, capillary or 
combined. With well digested sludge (original moisture content around 95 per cent), 
about 60 per cent of the total volume of the sludge drains off as effluent. Practically 
all the effluent drains off in the first 18 hours, fairly uniformly. The drainage is negligible 
after 24 hours. About 20 per cent of the total volume is removed by evaporation in two 
weeks. The quantity of liquid lost by evaporation increases gradually throughout the 
experiments. 

Under normal Johannesburg weather, a fairly well digested settled domestic sludge 
dries to spadeable condition in 10 to 12 days, when applied 8 to 10 inches deep. Such 
sludge is removable at 70 to 75 per cent moisture. Rain does not always hinder drying 
to the same extent. In general, 6-in. depth of application seemed best, although in very 
dry regions, as high as 18 inches might be applied. 

A layer of sand from 4 to 6 inches deep was found most satisfactory. The efficiency 
of the sand apparently did not deteriorate in drainability with use. The important 
factors were found to be quality and type. A coarse sand with uniform size of particles 
is recommended, with very little fine material. 

The type of treatment and nature of sludge may also affect the drying. A digested 
sludge gasifying freely dries rapidly and well. 

LANGDON PEARSE 








